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Foreword 


This book appeared originally as a series of features distributed by the 
European Space Agency to the European media. 

In this book the reader is introduced to the history and progress of 
European cooperation in the peaceful exploitation and exploration of space. 
The topics covered range from the future of a European manned laboratory © 
in space to the discoveries brought about by new telescopes and 
observatories orbiting the Earth, and from communications and weather 
satellites to deep space probes exploring the very edge of the Universe. 

Experts and project managers from ESA explain the challenges and 
rewards of setting up new projects, in which the industry and scientific 
community of the 13 Member States give one of the finest examples of 
European cooperation. 

With science advancing as rapidly as it is today, it would be impossible 
for the layman to keep up with the pace of progress if it were not for books 
such as this. 

By means of simple analogies from everyday life, the book interprets the 
world of science, clarifying many complex concepts that usually have 
meaning only for the engineer or the astrophysicist. 

Europe: Stepping Stones to Space is the first account of the challenges faced 
by ESA and the successes the Agency has achieved. I feel it is important 
that the public at large be informed of this progress. 


Professor Reimar Lust 
ESA Director General 
1984-1990 - 
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Europe in Space—A Success Story 





Space is tomorrow’s version of the New World—a bountiful terra 
incognita waiting to be harvested by the spiritual heirs of Christopher 
Columbus. From the interior seas of Europe, sailors moved across the 
oceans of the world, mapping unknown shores. This was followed by the 
survey of the new continents and today in the 20th century, the exploration 
of the solar system. | 

Europe has made a major contribution to achieve man’s age-old dream 
of reaching the stars. Through the European Space Agency (ESA), which 
celebrated its 25th anniversary on 19 April 1989, Europe has proved that 
peaceful international cooperation can lead to success. 

The dream of peaceful space exploration, born in the cradle of Europe, 
has been kept alive by visionary writers such as John Wilkins, the Lord 
Bishop of Chester, with his Discovery of a World in 1638, or H. G. Wells with 
The First Men in the Moon in 1901. The French writer Jules Verne was the 
first to envision something extraordinarily close to what actually happened 
in the 20th century. In his book From the Earth to the Moon published in 1865 
he describes the launch of a rocket sent to circle the moon. 

Who would have thought, when Europe took the first faltering steps 
towards intergovernmental cooperation a quarter of a century ago, that it | 
would become one of the three world-class space powers? Indeed Europe 
has become a senior partner in international joint ventures and is on the 
threshold of becoming autonomous in manned space flight. 

In the run-up to the completion of a single market in Western Europe 
at the end of 1992, the celebration of 25 years of European cooperation 
in space sets a valuable example. The realization that no single country 
could go it alone was slow and gradual, but this cooperation has paved 
the way not only for scientific team work but in other areas such as 
technology, industry, education, communications and environment. Today 
scientists, politicians and decision-makers in the world of industry 
understand that intergovernmental and interdisciplinary team work 
is essential to succeed in such a challenging task as the exploration 
and exploitation of space, although it was not always easy bringing 
13 countries together to share a wide-ranging technological future. 
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The Director General of ESA (1984-1990), Professor Reimar Ltist has been 
involved with the making of Europe in Space from the very beginning, and 
indeed, when with the Max Planck Institute in Garching, Germany, was 
one of the two experimenters on the first sounding rocket, Skylark, which 
was successfully launched from Sardinia on 6 July 1964. 

Skylark was launched by the European Space Research Organization 
(ESRO), one of the forerunners of ESA, together with the European 
Launcher Development Organization (ELDO), both set up in 1964. 

The payload of this first sounding rocket was a microcosm of this budding 
European organization: the two experiments came from Germany and 
Belgium, the rocket used was British, the members of the team were German, 
Austrian, French, the payload was integrated in the Netherlands, and the 
launch range, as well as most of the operational personnel, was Italian. 

The Headquarters of ESA were later set up in Paris, and technical facilities 
were scattered across Europe, a policy which has paid dividends in improved 
technological, industrial and political cooperation. 

The sounding rocket activity led to the construction of the European Space 
Range (ESRANGE) at Kiruna in Northern Sweden. 


From sounding rockets to the Ariane launcher 


Today, the study, design, development and testing of spacecraft takes place 
at the European Space Research and Technology Centre (ESTEC) in 
Noordwijk, the Netherlands. This establishment, with a staff of over 1100, 
stretches along the North Sea coast, surrounded by sand dunes and 
multicoloured tulip fields. ESTEC has Europe’s biggest test facilities with 
the Large Space Simulator. A Space Centre for visitors is also being set up 
in cooperation with the local authorities. 

After they are launched, satellites are operated by the staff at the European 
Space Operations Centre (ESOC) located in Darmstadt, Germany. The centre 
has a special control room for METEOSATS and is in charge of tracking and 
control facilities at other ESA ground stations, such as Redu in Belgium, 
and Villafranca in Spain. 

Finally, ESRIN (previously European Space Research Institute) is 
located in Frascati, a small town famous for its white wine, near Rome, 
Italy. It houses the Information Retrieval Service, the most powerful 
automated documentation retrieval system in Europe, and Earthnet 
which collects, processes and distributes images and data from remote 
sensing satellites. 

However, in 1964, ESRO was solely concerned with research, through 
satellites such as ESRO-1A and 1B which studied the routes and energy of 
solar particles on their way to the Earth through the magnetosphere. 

There was however a growing interest in Space— people also wanted to 
exploit the new technology. So in 1973 it was decided to set up a single 
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Figure 3. Ariane-5 with Hermes. 
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European Space Agency, ESA. This was a decisive year when the Agency 
set up its own launch capability. The new European launcher was christened 
Ariane, after the Greek legend in which Ariadne uses a thread to lead 
Theseus out of the Maze and indeed the Ariane family of launchers has 
enabled Europe to reach out to the stars with 26 successful launches so far. 
During the Hague meeting in November 1987, ESA decided to develop 
Ariane-5, a heavy lift launcher, with very high mission safety for manned 
spaceflight. ESA is also developing a reusable spaceplane, Hermes, an 
important step for achieving autonomy in Space. Ariane-5 will carry Hermes; 
this is planned for 1995. 


From Spacelab to Columbus 


The European Space Agency acquired its first experience in the field of 
manned spaceflight with the successful flight of Spacelab, the world’s first 





Figure 5 Upside-down has no meaning in space: ESA astronaut, Dr Ulf Merbold ‘sits’ on 
the ceiling of the Spacelab module during its maiden flight (28 November 1983 to 8 December 
1983). 
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reusable orbiting laboratory which made its maiden mission onboard a US 
Space Shuttle in 1983 over the period 28 November to 8 December. Dr Ulf 
Merbold flew as ESA’s payload specialist on this first mission. These 
experiments were mostly microgravity experiments, both life and materials 
sciences. Other Spacelab missions followed. There are two main modules 
to a Spacelab: a pressurized module comprising two cylinders 2.7 m long 
by 4m diameter in which payload specialists live and monitor the 
experiments and an unpressurized platform where instruments can be 
housed to make observations in space. 

European astronauts such as Ulf Merbold and Wubbo Ockels performed 
over 150 different experiments on Spacelab, and Dr Merbold has been 





Figure 6 The first Spacelab flight. 
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selected as candidate payload specialist for materials science experiments 
on the International Microgravity Laboratory (IML-1) mission on the Shuttle 
in April 1991, using the Spacelab module. 

This will be the first of a series of missions on life and materials sciences 
in microgravity conditions. ESA will provide an enhanced version of Biorack 
and the Critical Point Facility for the IML-1 mission (see Chapter 4, pp. 37, 
38) and an Advanced Fluid Physics Module as well as the Anthrorack facility 
on the D2 mission which will collect data on physiological changes in man 
in the microgravity environment of low Earth orbit and improve the 
operational efficiency of astronauts in space by finding ways of reducing 
the time it takes for crew members to adjust to weightlessness. 

In September 1988, ESA together with Canada, signed a Memorandum 
of Understanding with NASA on cooperation on the International Space 
Station (named ‘Freedom’). ESA’s participation, the Columbus programme, 
includes an Attached Laboratory, a Free-Flyer Laboratory and a Polar 
Platform. Japan also participates. 

As a follow-on to Spacelab, and to bridge the gap between the short-stay 
laboratory borne on the Shuttle and a permanent Space Station, ESA is also 
developing a retrievable carrier, EURECA (see p. 34), which will carry 
microgravity, science and technological experiments, and will be deployed 
and retrieved by the Shuttle. Meanwhile short duration microgravity 
experiments on sounding rockets launched from Kiruna are performed 
routinely (five missions a year). 


Spectral signatures in space 


The first ESA satellite launched on 9 August 1975 from Vandenberg was 
COS-B with a Delta vehicle to study gamma rays, the most energetic 
electromagnetic radiation in the Universe, having wavelengths below one 
billionth of a centimetre, shorter even than X-rays. The satellite had a planned 
lifetime of 2 years but it operated successfully for 6 years and 8 months, 
until 26 April 1982. 

Gamma rays are produced by the extremely violent reactions taking place 
at the centre of our galaxy, and in black holes, pulsars and quasars. COS-B 
used a large spark chamber with high resolving power to confirm that pulsars 
and about 20 other sources including the quasar 3C 273 do indeed produce 
gamma rays. In the Gemini constellation COS-B discovered a double pulsar 
christened Geminga (from Gemini-gamma). 

The study of celestial objects from their X-ray emissions is an important 
part of modern astronomy. ESA’s first X-ray satellite, EXOSAT was launched 
on 26 May 1983 from Cape Canaveral with a Delta launch vehicle to measure 
the intensity of X-ray sources at various wavelengths using spectrometers. 
EXOSAT revealed the presence of highly ionized iron in galactic masses. 
After 2000 observations made available to astronomers worldwide, EXOSAT 
reentered the Earth’s atmosphere on 6 May 1986. 
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Figure 7 Artist’s impression of ESA’s X-ray observatory EXOSAT against a projection of 
the Whirlpool Galaxi in ‘Canes venatici’. EXOSAT, launched on 26 May 1983, considerably 
enhanced our understanding of distant galaxt. 


The proposed X-Ray Multi-Mirror, XMM, planned by ESA and scheduled 
to be launched in the mid-1990s, will carry a cluster of mirrors. This 
observatory will have a sensitivity a hundred times greater than EXOSAT 
and will study in detail quasars and active galactic nuclei on the edge of 
the Universe, as well as measure the emissions from the coronas of the 
weakest stars in our galaxy. 

Observing the stars at ultraviolet wavelengths is impossible under the 
protective cloak of the Earth’s atmosphere. A joint project, International 
Ultraviolet Explorer (IUE), between ESA, NASA and the UK Science 
Engineering Research Council was launched on 26 January 1978, to 
investigate ultraviolet radiation from stars, quasars and galaxies. In 1988 
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Figure 8 One of the antennae at ESA's ground station at Villafranca (near Madrid) in Spain; 
the station receives data from scientific and applications satellites. 
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it was awarded the American Presidential Award for design excellence 
because of its outstanding results over the past 10 years. 

Two Earth stations in Villafranca, near Madrid in Spain and in Maryland, 
USA, can point IUE at any celestial object using onboard thrusters. IUE has 
provided ultraviolet spectra of many cosmic objects, including gas streams 
around binary star systems and the effect of interstellar gas and dust on 
starlight. For Supernova 1987A, which lit up the night sky in 1987, the 
satellite confirmed the theoretically predicted ultraviolet flash, identified 
unambiguously the star which exploded and showed the existence of the 
stellar wind before the supernova explosion. IUE also discovered that the 
planet Uranus shines brightly in the ultraviolet and for the first time 
calculated the dimensions of a quasar-like galaxy. 

The Agency’s next project in the science programme is the Hiftaned Space 
Observatory (ISO) to be launched in 1993. Infrared astronomy enables 
scientists to study celestial objects from their infrared emissions: although 
ground-based observations can be made through several atmospheric 
windows, up to about 20 micron measurements at longer wavelengths must 
be made from space. Earth orbit is the best vantage point for all infrared 
telescopes and ISO should make exciting discoveries about distant galaxies, 
new-born stars and dying stars by picking up the faint whispers produced 
by infrared radiations from clouds of dust in interstellar space. 


Encounter with an elusive visitor 


In 1986 a flotilla of spacecraft from Europe, the Soviet Union and Japan took 
part in a mission that would have been unthinkable when planetary 
exploration first began in the late 1950s. The target was the mysterious 
Halley’s Comet which, in its highly elliptical orbit, comes zooming back in 
the vicinity of the Sun every 76 years before fading into the distant darkness 
far from the reach of curious human beings. 

Giotto, the European spacecraft named after the Italian painter, Giotto 
di Bondone, who in 1304 depicted Halley’s Comet as the ‘Star of Bethlehem’ 
in one of his frescoes, was launched on 2 July 1985 by an Ariane-1 rocket 
from the Space Centre in Kourou, French Guiana. Eight months later, on 
13/14 March 1986 Giotto encountered Halley’s Comet producing the first 
pictures of the famous visitor. 

Among 750 comets, Halley’s is the most famous: historical records show 
it has been observed regularly since 240 BC, and it is the only bright comet 
which has a well-known orbit, a prerequisite for planning a space mission. 

To summarize the mission, Giotto was a complete success. The 2000 
pictures that were sent back showed that the nucleus of Halley’s Comet is 
a potato shaped object covered in black dust abounding in mountains, craters 
and valleys. On the sunward side, geysers of gas and dust shoot up to 
feed the comet’s atmosphere and tail. The mission has proved that the 
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‘dirty snowball’ theory of Dr Fred Whipple, a veteran cometologist is correct: 
the dust is embedded in the ice and the nucleus does not consist of a cluster 
of fragments as had earlier been suggested. The international scientific 
community learned more from the 1986 encounter with Halley’s Comet than 
it had learned from the previous three centuries of study. 

At encounter, Giotto was 144 million km away from the Earth and 
135 million km away from the Sun; at closest approach, at a speed 
of 65km/s, it came to within 596 km of the nucleus. Giotto could hardly 
be expected to survive the encounter, but to safeguard the instruments as 
long as possible, the spacecraft was equipped with an ingenious two-part 
shield to provide the maximum protection for the minimum weight. In fact 
Giotto survived the encounter, although the scientists at the control 
centre in Darmstadt, feared the worst two seconds before the closest 
approach when the transmission of images was interrupted. It was later 
deduced that the dust impacts had caused the high gain antenna to lose 
its fix on the Earth. Control was regained soon after and it appears that the 
damage was slight. 

Indeed ESA experts believe Giotto could be redirected to encounter another 
comet. This was achieved by an Earth swing-by manoeuvre in July 1990 when 
Giotto returned to Earth. In its new orbit, Giotto could encounter Comet 
Grigg-Skjellerup on 10 July 1992. 


Sun-Earth exploration 


Already in October 1977 an ESA satellite was launched to carry out research 
on the environment of the Earth and the Sun. ISEE-B, the International Sun- 
Earth Explorer was part of a joint ESA/NASA mission involving three 
spacecraft, ISEE-A, ISEE-B and ISEE-C. The mission to study the solar wind, 
a stream of ions and electrons flowing out from the Sun, as well as the 
magnetosphere, a region surrounding the Earth where the Earth’s magnetic 
field interacts with the flow of ionized particles in the solar wind, was highly 
successful. 

Now ESA and NASA are setting up two related missions, SOHO, the Solar 
and Heliospheric Observatory and Cluster, made up of four spacecraft, to 
study space plasma physics. This will be in the framework of an international 
project of unprecedented scope to examine the Sun and its influence on Earth 
in the 1990s. 

ESA, in cooperation with NASA, also launched Ulysses, in 1990, the first 
satellite to orbit the poles of the Sun. 


Communications at the speed of light 


The European Space Agency became aware at an early stage that 
communications satellites have enormous potential. Orbital Test Satellite 
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(OTS), ESA’s first experimental telecommunications satellite, was put into 
orbit in May 1978. The ancestor of all the European Communications 
Satellites (ECS) that were to follow, OTS had a planned lifetime of only 3 — 
years but it continues to be operational and celebrated its twelfth anniversary 
in orbit in 1990. | | 

The ECS series, of proven commercial interest, are operated by the 
European Telecommunications Satellites Organization, EUTELSAT, rep- 
resenting the European National Telecommunications Administrations 
(PTTs). The ECS family, the last of which to date is ECS-5, launched in July 
1988, is now a part of our everyday life. Geostationary at 36000 km above 
the Equator, these silent operators make it possible to establish wide-band 
links across considerable distances. (See Fig. 38, p. 81.) 


Saving lives at sea 


In December 1981, Ariane launched the first maritime communications 
satellite MARECS-A from Kourou. Three years later MARECS-B2 was also 
successfully launched by Ariane from Kourou. Both satellites are leased from 
ESA by the International Maritime Satellite Organization (INMARSAT). (See 
Fig. 39, p. 82.) The MARECS satellites provide ships with a variety of 
maritime telecommunications services including voice, teletype, facsimile 
and high-speed data. 

Originally MARECS-A was located over the Atlantic and MARECS-B2 over 
the Pacific, but the satellites were interchanged in 1986 to take advantage 
of the more powerful MARECS-B2. Though it is not their prime purpose, 
the MARECS satellites have saved the lives of many people in sea, air or 
mountain accidents after they were located via signals received by satellite. 

ESA is also developing mobile communications for land-based vehicles 
such as lorries or even private cars. Under a programme called PRODAT, 
the Agency had demonstrated the efficiency of small terminals mounted on 
land vehicles and airplanes, allowing a two-way data communications link 
between the vehicles and suitable ground stations. This technology can form 
the basis for an extensive land-mobile system within Europe. 

In 1989 ESA launched Olympus, (see Fig. 40, p. 84) the precursor of a new 
class of powerful communications satellites that will be developed and 
launched by ESA over the next few years. Olympus carries a Direct Broadcast 
Satellite (DBS) payload to be used by television and have distance learning 
applications. 

Another payload has business applications using small Earth stations. A 
payload for advanced communications experiments has applications for the 
end of the century. Canada takes part in these experiments due to the 
steerable beams fitted on Olympus. In fact, the deployment of the Hubble 
Space Telescope in space was broadcast live to Paris with Olympus from 
North America. 
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Tomorrow’s weather forecast 


In a geostationary orbit, hovering 36,000 km over the Gulf of Guinea, the 
family of ESA’s METEOSAT satellites provide more than 300 million 
Europeans with the satellite images featured every day on television weather 
forecasts. 

During the past 13 years ESA’s METEOSAT development programme has 
been highly successful, helping meteorologists improve short-term weather 
forecasting techniques and paving the way for the METEOSAT Operational 
Programme (MOP). 

On 6 March 1989, MOP-1 was launched from Kourou onboard an 
Ariane-4. As METEOSAT-4, it replaced METEOSAT-3 to survey the whole 





Figure 11 Image of Europe taken by ESA’s meteorological satellite METEOSAT. These images 
are seen every day on television during weather forecasts by more than 300 million Europeans. 
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of Europe (except the polar regions), the whole of Africa, the Middle East 
and the Atlantic Ocean. This means that METEOSAT is of interest not only 
to the European meteorological community, but also to climatologists, 
meteorologists and atmospheric physicists in at least a hundred other 
countries in the world, particularly in Africa. 

The METEOSAT Operational Programme was developed and will be 
operated by ESA on behalf of the European Organization for Meteorological 
Satellites (EUMETSAT) with 16 member states. 

The first part of an experiment carried by METEOSAT-3 has already proved 
successful: this will be a world first to achieve time standard synchronization 
over intercontinental distances. The LASSO experiment (Laser Synchron- 
ization from Stationary Orbit) should make it possible to synchronize atomic 
clocks in Europe and America to a billionth of a second. 

The ESA has also been very far-sighted in developing the European 
Remote Sensing Satellite ERS-1. At a time when our planet is increasingly 
threatened by man-made disasters such as the Chernobyl nuclear power 
plant explosion or the recent oil spill in Alaska, the new satellite will give 
Europe a role of leadership in monitoring the environment while providing 
services to the rest of the world. 

Due for launch in 1991, ERS-1 will be part of a new generation of 
international missions planned for the next decade which could help 
understand and predict some of the world’s most baffling and potentially 
threatening weather phenomena. 

Studying our planet from space offers obvious advantages: ERS-1 will give 
an overview of macro-features related to geology and oceanography. 
Furthermore, unlike the American LANDSAT and the French SPOT 
satellites, which it will complement, ERS-1 will pioneer a payload of 
advanced radar instruments to monitor ocean, ice and land resources. With 
conventional optical remote sensing satellites flown so far, data gathering 
has been curtailed by cloud and the hours of darkness. But radar systems 
‘see’ through cloud and darkness. 

Experts are increasingly concerned about the impact of pollution and 
industrial waste on the environment, such as acid rain or the hole in the 
ozone layer, long-term influence on global climatic changes such as the 
greenhouse effect which could flood coastlines and turn many areas into 
a dust bowl. ERS-1 will be Europe’s first step to monitor the environment 
and the climate on a global scale, as well as help better manage Earth 
resources. To bridge the gap until the polar platform is operational, ERS-1 
will have a follow-up, ERS-2. 


A dream come true 


So far ESA has developed 16 scientific missions and 12 applications satellites. 
In 1989 and 1990 two important astronomical satellites, the ESA HIPPARCOS 
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satellite and the ESA/NASA Hubble Space Telescope were launched. 
HIPPARCOS makes it possible to map a hundred thousand stars, 
bequeathing future generations a celestial Who’s Who. The Hubble Space 
Telescope, freed from the Earth’s atmosphere, shows more detail than 
ground-based images. It will open wide our windows on the Universe, 
looking back ten to twenty billion years in time. The spacecraft has been 
described as the modern equivalent of the magnificent cathedrals that were 
built in Europe during the Middle Ages. It certainly represents the very best 
of 20th century technology and will reward us with a wealth of new 
enlightening information. 

Another joint ESA/NASA mission, the Cassini/Huygens mission may 
reveal secrets of primitive Earth before the origin of life. Indeed Huygens, 
the ESA-built probe named after the Dutch astronomer and physicist, will 
explore the chemical processes in Titan’s atmosphere, believed to be similar 
to those of our planet billions of years ago. 

The European Space Agency’s philosophy is best expressed in the words 
of its former Director General, Professor Reimar Ltist: ‘The peaceful 
exploration of space began, for Europe, as a dream for some farsighted 
scientists. Today it has far outstripped their intentions, but it is our duty, 
and our privilege, to keep the spirit of their ambitions alive’. 
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The Ariane Thread: 
From the Jungle to the Stars 






Until 1954 the strip of savannah and jungle between the Amazon forest and 
the Atlantic Ocean, known as Kourou, in French Guiana, was infested with 
malaria and had only two connotations: deportation and exile for French 
convicts and gold fever attracting gold-diggers from nearby Brazil and 
Europe. 

In 1964, the Centre National d’Etudes Spatiales (CNES) chose Kourou as 
a. launching site because it ideally satisfied the two essential requirements 
of a launch pad: fuel saving and safety. 

The range extends along a 15 km coastal stretch between Kourou, which 
used to be a small fishing village, and Sinnamary, a sleepy river crossing. 

Various facilities for remote sensing and telemetry are located on the 
Montagnes des Péres where Jesuit missionaries once settled, and on one 
of the tiles du Salut where convicts were sent. 

By 1984, the Kourou Space Centre was at the top of the Western league 
in terms of the number of commercial satellites put into orbit, and today 
the Centre launches the European vehicle Ariane. 

Kourou was chosen because its latitude of 5.3° north of the Equator makes 
it possible to send into orbit, at an equal cost, a payload 17% heavier than 
the equivalent launched from Cape Canaveral in Florida. This is because 
Kourou is nearer the Equator: the Earth rotates from west to east and the 
velocity at the surface of the Earth is equal to zero at the poles and increases 
to a maximum as you get closer to the Equator. Consequently, at the Equator, 
6% of the velocity required for a load to go into orbit and not fall back on 
Earth is free. | 

The other important consideration is safety—space centres are usually 
situated on the Eastern seaboard of a continent or island so that the first 
stages of a launch vehicle and, & the event of a crisis, the vehicle itself, 
do not fall on an inhabited area. From Kourou, a space vehicle launched 
in an easterly direction will not encounter land before Africa and, in a 
northerly direction, before Canada. 

However, there are a few drawbacks because of some inhospitable 
aspects of the environment. The high degree of humidity and the possible 
corrosion of metal structures by salinity for instance. Tiny insects, called 
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builder flies, one of the 40,000 different species in a single hectare of 
Amazonian jungle, make their nests on the vehicle and secrete a substance 
which they use as a binding material and which effectively blocks all the 
air vents. But engineers found a simple solution to keep them away by 
constantly blowing air from inside the launcher. 

On the first launch pad, ELA-1 (from the French ‘Ensemble de lancement 
Ariane’), launchers were assembled, integrated and connected to the 
umbilical tower in the building which is withdrawn at the moment of the 
launch. | 

The second launch pad, the ELA-2, is located south of the launch control 
centre. Its structure is completely different from ELA-1. Construction of the 
new launch pad, which towers 80 m high over the lush vegetation, began 
in mid-1981 under a programme of the European Space Agency to launch 
the Ariane versions 2, 3 and 4. 

The first of the Ariane-4 series (Ariane-401) was assembled in the new 
ELA-2 building, and then, on 29 April 1988, conveyed to the launch base, 
a distance of 950 m away, on a trolley that glides along rails: this took about 
45 min. For this ‘roll-out’ the weather forecast is very important: in the case 
of Ariane-4 it was advanced because a strong wind could topple the launcher. 
The first Ariane-4 was launched from ELA-2 on 15 June 1988. 


Up to ten launches a year 


For each launch at the base Ariane-4 is coupled to the 74-m high umbilical 
tower which shelters the equipment and provides fluid links between the 
launcher and the ground facilities. The two cryogenic arms extend to link 
up with the third stage of the launch vehicle. A servicing gantry is advanced 
in its forward position to allow the following operations to take place: 
assembly of the solid propellant boosters, final launcher check-out, assembly 
of the payload and fairing. Before launch it retracts. 

These operations prior to count-down take about two weeks. In this way, 
by having separate assembly and servicing buildings, work can begin on 
a new vehicle before the previous one has been launched so that about ten 
launches a year can take place. Time is saved, and operational costs reduced. 

In 1989, ELA-1 was closed as construction of another launch site, ELA-3 
is planned for Ariane-5 in 1995 and for the Hermes spaceplane, which it 
will carry. 

Immediately after the launch of Ariane-4, in June 1988, control of the flight 
was handed over to the large technical centre 10 km away from the launch 
pad. Separated from it by wild green savannah teeming with multicoloured 
butterflies, humming birds and ibises, the technical centre handles the 
exchange of flight information with tracking stations at Belem and Natal in 
Brazil and Ascension Island in the Atlantic. The Kourou tracking station 
covers the first nine minutes of the flight. 
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Figure 12 First launch of ESA’s new strong Ariane-4 on 15 June 1988. Ariane-4 launched 
in Kourou, French Guiana, carried three payloads on its maiden-flight: the ESA spacecraft 
METEOSAT-P2, the American PANAMSAT and the radio amateur satellite AMSAT IIIC. 
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Figure 13 Ariane-401 Roll-out from the preparation zone to the launching zone (in the 
background, the ELA-2 assembling dock). 


On its demonstration flight Ariane-4 carried three satellites into orbit, 
METEOSAT-P2, launched by ESA for weather forecasting, a communications 
satellite, called PANAMSAT and a small amateur radio communications 
satellite, AMSAT IIC. 
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Figure 14 Ariane-3 and Ariane-4 ready for launch on ELA-1 and ELA-2. 


The Ariane programme -is Europe’s response to the increasingly 
competitive market of launch vehicles: from 1980 to 1995 five versions of 
Ariane will have been available, increasing the payload in geostationary 
transfer orbit from about 2000 kg to about 6800 kg. Since 1973 Ariane has 
been financed by the European Space Agency. 


A boost for multiple launches 


Ariane-4, a very versatile three-stage vehicle, was designed to compete on 
the international market: the launcher offers a choice both of propellant — 
for the strap on boosters either solid or liquid and of the actual number of 
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boosters—two or four. The first types are loaded with 9.3 tons of solid 
propellant and have a thrust potential of 66 tons. This way Ariane-4 can 
be adapted according to which satellites are ready to be launched, and thus 
the cost will vary according to the payload. 

Looking to the near future, Ariane-5 will be more powerful and even more 
versatile: it will carry either automatic satellites, space station elements, or 
a crew into orbit. 

The choice of this launcher is based on cost and safety considerations. For 
crewed missions the Hermes spaceplane, equipped with its own in-orbit 
propulsion system will be fitted on top of Ariane-5— the first manned flight 
is planned for the late 1990s. Space exploration and exploitation is one of 
the most significant changes of this century, one that has had the greatest 
impact on our lives. | 

From Kourou, satellites are sent tens of thousands of kilometres from the 
Earth to relay telephone conversations, carry television programmes to 
homes throughout continents, to observe the land and oceans and to monitor 
the weather and the environment. 

The contrast between the Amazonian Indians, who live only a few tens 
of kilometres from the Guyanese Space Centre, and modern civilization is 
very great: the Indians measure distances in paddling time, or by the number 
of bends in the river. This shows what a long way humanity has come, but 
also how ingenious man has always been. Man is distinguished from other 
animals by his imagination, his ability to change his environment; he plans, 
invents, makes new discoveries. This series of inventions from dug-out 
canoes and blow-pipes with a range up to 30m, to the Ariane launchers 
represents a cultual evolution made possible by man’s imagination, his 
commitment to working together with others as one. 

However, we must always remember that as the French philosopher Henri 
Bergson said: ‘Man’s body now stretched to the stars needs a supplement 
of soul’. 
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Columbus: Europe Builds its 
First Home in Space 





Christopher Columbus, one of the great explorers of history would not have 
discovered a new continent had he been a robot. Had he been programmed 
like a computer he would have stopped and come back, having failed when 
his calculations indicated that he should have seen land and did not. 

Manned missions are indispensable to the future exploration of space, and 
Europe is about to build its first permanent home 350 km above the Earth. 
The signing of an agreement in September 1988 on cooperation on the 
International Space Station (named ‘Freedom’), between the USA, Japan 
and Canada and the European Space Agency is a major step in space 
cooperation. This agreement, of unprecedented scope, opens the way to 
_an exciting new venture: for the first time ever a multinational society 
will work together far from spaceship Earth, preparing expeditions 
further still, to the Moon and to Mars. This great challenge should pave 
the way, not only for technical progress, but also legal and _ political 
advances. 

Columbus is the ESA contribution to the International Space Station, 
_“Freedom’. It will consist of three parts: an Attached Laboratory, a Free- 
Flyer Laboratory and a Polar Platform. 

The Attached Laboratory is to be launched by the NASA Shuttle and to 
be operated in a permanently docked mode to the Space Station. This 
Attached Laboratory will enable astronauts to carry out scientific experiments 
in a shirt-sleeve microgravity environment. The under floor will be made 
up of stowage and equipment racks while the walls and ceilings will be lined 
with payload racks. The laboratory will also be equipped with analysis 
facilities, coolers and freezers. The scientific airlock, a small chamber 
in the laboratory, will allow astronauts and equipment to pass between 
the vacuum of space and the spacecraft without depressurizing the 
spacecraft. 7 

The ESA will also launch its own orbiting laboratory, the Columbus Free- 
Flyer, on Ariane-5 into the same orbit as the main Space Station: it will 
be a smaller laboratory than the Columbus Attached Laboratory and it will 
have an unpressurized resource module at one end. The Free-Flyer will be 
serviced by astronauts travelling in Europe’s spaceplane Hermes. 
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Figure 15  Artist’s impression of the European elements for the future International Space 
Station ‘Freedom’. The ESA contributions under the name Columbus comprise a permanently 
attached laboratory as part of the core unit of the Space Station, the Free-Flying Laboratory 
and the Polar Platform. 


Astronauts will visit the laboratory at regular intervals to change 
experiments or equipment. The Free-Flyer will also be able to dock with the 
Columbus Attached Laboratory to be serviced. 

The Free-Flyer will carry experiments which could be affected by disturbances 
on the main Space Station, such as vibrations caused by astronauts moving 
around or the occasional boosts in altitude. Furthermore, life-support 
systems and the machinery necessary for large-scale experiments contribute 
slight accelerations which interfere with steady state weightlessness. 

European scientists already have experience of microgravity research with 
Spacelab. During short missions some 35 European experiments in material 
sciences and fluid physics and nine in life sciences were carried out on 
Spacelab. The advent of Columbus will, at last, provide the microgravity 
community with continuous experimentation possibilities. 

In 1997 ESA will launch a Polar Platform on an Ariane-5 rocket; the Polar 
Platform will orbit the Earth passing over the poles. The USA intends to 
launch a similar platform, and together the two platforms will provide data 
about our planet, its climate and oceanography. The Columbus Polar 
Platform will be loaded with applied optical and infrared cameras and 
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CHARACTERISTICS (2 SEGMENTS) 
DIMENSIONS : 12.1 m LENGTH 

4.4 m DIAMETER 
LAUNCH MASS : 18 200 kg 
PAYLOAD MASS _—_: UP TO 5 000 kg 
PAYLOAD VOL. . We me 


23 SINGLE RACK EQUIVALENT 
(INCLUDING STORAGE) 


PERFORMANCE 
GRAVITY LEVEL : UP TO 10° %g 
POWER : 10 kW TOTAL 
5 kW Avg. TO PIL 
DATA RATE : 100 Mbps DOWNLINK 
25 Mbps UPLINK 
LAUNCH 
¢ VEHICLE : ARIANE 5 
¢ ORBIT : 320-420 km CIRC., 28.5° 
° DATE : 1998 
SERVICING : 180 DAYS BY HERMES OR 


AT SPACE STATION 


Figure 16 Columbus Free-Flying Laboratory. 


radar devices for remote sensing. The satellite will send back data to control 
stations on the ground. 

The Columbus Ground Segment will be made up of several facilities. One 
of them will be the Central Mission Control Centre at the European Space 
Operations Centre, ESOC in Darmstadt, Germany, which will coordinate 
and control the preparation of mission activities and monitor the missions 
and control the communications network. There will also be centres 
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Figure 17 International Space Station: the partners. 


for the Columbus Free-Flyer and the Attached Laboratory in Germany and 
Italy. 

An ESA team will perform tactical operations linked to the Attached 
Laboratory. The team will be integrated to the Space Station Control Centre 
in the USA. 

Several centres, the number of which will be determined by user’s needs 
will be provided by national agencies in the Member States. 


Made in space 


Surprisingly, some space scientists have criticized the development of a large 
manned Space Station. Indeed astronomical satellites are so precise that the 
slightest disturbance such as rockets arriving or departing from the station, 
the pollution from rocket fumes, or the light from the station could blur 
imagines and contaminate experiments. This is why ESA also planned 
unmanned missions such as the HIPPARCOS astrometry satellite (launched 
in 1989) or the NASA-ESA Hubble Space Telescope (launched in 1990). 

However, a manned station is invaluable both for monitoring experiments 
in space, and as a springboard to great expeditions to the Moon or Mars. 

Working in conditions of near microgravity holds out exciting possibilities 
for space industrialization: crystal growth in particular is very promising: 
scientists on Earth obtain crystals either by separating them from a solution 
or by techniques of vapour deposition, but gravity interferes with both. Near- 
perfect crystals can be produced in space. 

Proteins perform a great variety of functions in the living cell—in order 
to understand the biological functions of a protein fully, scientists need to 
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CHARACTERISTICS (4 SEGMENTS) 
DIMENSIONS : 12.8 m LENGTH 
4.4 m DIAMETER 
LAUNCH MASS : 13.000 kg min. 
PAYLOAD MASS : Up to 10 OOO kg 
PAYLOAD VOL. 23 m* 
(40 SINGLE RACK 
EQUIVALENT) 
PERFORMANCE 
GRAVITY LEVEL : UP TO 10° °g 
POWER : 20 kW TOTAL 
10 kW Avg. TO PIL 
DATA RATE : 100 Mbps DOWNLINK 
25 Mbps UPLINK 
LAUNCH 
e VEHICLE : SPACE SHUTTLE 
e ORBIT : 335-460 km, 28.5° 
° DATE : END 1996 
SERVICING : AT THE SPACE STATION 


Figure 18 Columbus Attached Laboratory. 


know its three-dimensional structure — growing crystals in the weightless 
conditions of space will enable scientists to determine precisely the 
shape and therefore the chemical properties of compounds. In turn 
industry will be able to manufacture new pharmaceutical agents and 
medicines. 
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Space spin-offs: 100,000 Europeans working in space 


Research in space opens up a new world both to science and to industry. 
The first practical manufactured product from space is modest: tiny plastic 
spheres used for calibration both in industry and in medicine. On Earth they 
cannot be manufactured because they have to be quite uniform, and that 
gravity distorts the droplets when they are liquid. In zero gravity, a droplet 
forms a near-perfect sphere and today these ‘made in space’ microscopic 
spheres can be bought. 

The space business could provide employment for 100,000 people in 
Europe in less than 20 years time, according to Dr Dietrich Davidts, Vice- 
President of the German Company MBB Space who believes that it is 
inherently necessary for governments to promote space programmes and 
then direct them towards commercial activity as soon as possible because 
space programmes involve very high risk with only long-term results and 
companies cannot afford to go it alone. 


Living in space 


Before ordinary citizens can come to work in space, or even just to 
visit and acquire orbital experience, many problems will have to be 
overcome. One of the biggest difficulties is that life in zero-gravity is 
too easy! On Earth, from the day we are born we constantly have to fight 
gravity, and our muscles and bones need that challenge. In space, in free- 
floating conditions, the body changes, calcium and minerals gradually leave 
the bones, so they become brittle, the heart muscles become weak and melt 
away as there is no need to fight gravity to pump blood throughout the body. 
The Russians who hold the world record of life in space know this well, 
and on the Salyut Space Station the cosmonauts have a daily chore they 
loathe: two hours of strenuous exercise in Salyut’s jogging treadmill and 
stationary bicycle. While they exercise they generate an envelope of sweat— 
and taking a shower—an event that takes place every 10 days—takes a whole 
day! 

On the Space Station a mini-gymnasium, equipped with space versions 
of rowing and cycling machines will play a key role. 


Freeze dried TV dinners 


The habitation module, where up to eight astronauts will live, should include 
about a fifth of the Space Station’s area. Modules for the three laboratories, 
the American Laboratory, the Japanese Experiment Laboratory (JEM) and 
the Columbus Attached Laboratory will be connected by cylindrical nodes 
which provide observation windows, control stations and storage. 
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Every 45 days the Shuttle will replace the ‘logistics’ module serving as 
a kitchen pantry and equipment storeroom, and carry completed experiments 
and garbage back to Earth. 

The walls, floor and ceiling will be painted different colours because a dark 
floor and light ceiling reminding astronauts of the ground and the sky, help 
orient the crew and relieve nausea. 

Astronauts will have food trays with freeze- dried meals. A mock-up at 
the Marshall Space Flight Centre in Alabama takes into account the 
importance of good psychosocial group dynamics and architects designed 
a semi-oval table on which the astronauts can put their food trays, slipping 
their feet into stirrups on the floor to keep stationary while they have their 
meal. 

Each astronaut could have a computer terminal—not just for the purpose 
of work but for video games too. During months away from our planet, 
entertainment will be an important element in the lives of the astronauts. 
While they have their meals, they will be able to watch a wall-mounted 
television or gaze at the stars, as well as at planet Earth. 


First steps to the Red Planet 


Scientists know we have to explore new frontiers in order to advance the 
sciences. The Space Station could become a staging and launch base for 
manned voyages to the Moon, Mars and the asteroids. 

Serious discussions are underway between the USSR, ESA and the USA 
about a joint expedition to Mars. The exploration of the mysterious Red 
Planet will perhaps even lead to colonization in space. Before this far away 
dream comes true, however, assembling the spacecraft to Mars in orbit and 
launching it there will save a lot of energy: the spacecraft will not have to 
go through the Earth’s atmosphere and will thus save precious fuel. 
Furthermore, assembling the spacecraft in the vacuum of space will be more 
economical and will improve the design. Mars is about 65 million kilometres 
away, 200 times further than the Moon, so the most economical approach 
must be found. We also need to find out more about medical problems in 
space so that man can survive the long trip and the rigours of landing on 
the Red Planet. 

Just like Christopher Columbus who discovered the New World five 
centuries ago, we will set forth to explore the Universe. With the 
International Space Station and the Columbus Attached Laboratory, Free- 
Flyer and Polar Platform, we will get our first glimpse of the long-range 
promise of space. 
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The European Astronauts Centre 





The European Astronauts Centre is a new establishment, responsible for 
defining the selection and qualification criteria and coordinating the training 
of future European astronauts, as well as selecting them for flights or ground 
activities such as equipment development, or for special training to liaise 
with astronauts in flight. 

An important part of the Centre’s work will concern the safety of future 
space missions, by defining rules and ensuring that they are observed. In 
addition, the astronauts will act as representatives, in effect space 
ambassadors, explaining the challenges and stakes of the conquest of space 
to the public at large. 

In 1989 the Centre defined its selection criteria in consultation with ESA 
experts as well as a small number of German, French and Belgian specialists 
and physicians, on the basis of Soviet and American experience. Recruitment 
is due to start in 1990. 

What qualities will be required of future European astronauts? 

The ideal applicant will have to combine the talents of a test pilot, a 
scientist, an engineer and a good technician, able to cope with a possible 
breakdown during flight. Astronauts will be needed both for the Columbus 
crewed laboratory and to pilot the Hermes spaceplane. 

A laboratory specialist, might have to take on many other roles, including 
that of a scientist on board the space station, or be given an operational task. 
A member of the Hermes crew might become the flight engineer responsible 
for the free-flying laboratory. 

Aboard Hermes, a spaceplane specialist might be either commander or 
pilot. The role requiring the greatest adaptability is that of the pilot, who 
has to be capable of replacing either the engineer or the commander, if 
necessary. The would-be astronaut will therefore need to be highly adaptable 
and a good all-rounder, with an excellent education and practical experience. 

Candidates will of course need to be in perfect health for space missions, 
not suffer from any chronic or acute conditions, and have a sound 
cardiovascular system as well as pefect eyesight and hearing. Psychological 
tests will ensure that applicants have well-balanced personalities, keep cool 
under any circumstances and are good team-workers. Tests will include an 
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assessment of performance, personality and behaviour, especially memory, 
logic, interest in space, motivation, emotional stability and manual dexterity. 


Pioneering science in space: Spacelab 


As part of a cooperative programme between ESA and NASA the European 
Space Agency designed and built Spacelab, a reusable self-contained 
laboratory carried into space inside the Shuttle’s payload bay. 

The European Space Agency had its first experience of crewed flight with 


the successful launch of Spacelab, the first ever reusable in-orbit laboratory, 


flown on an American Space Shuttle mission from 28 November to 8 
December 1983. Dr Ulf Merbold was ESA’s payload specialist on this mission. 
The—mainly microgravity—experiments flown related to materials and life 


- sciences. A further mission followed with Dr Wubbo Ockels on board the 


: selected later. 


German Spacelab mission D-1 in October/November 1985. 

European astronauts such as Ulf Merbold and Wubbo Ockels have carried 
out over 150 Spacelab experiments. 

Dr Merbold was recently selected again as the payload specialist for the 
materials sciences experiments on IML-1, the first international microgravity 
laboratory mission, which will use the Spacelab module and is scheduled 
to be flown on the Shuttle in April 1991. Dr Merbold is a specialist in crystal 
lattice defects and low temperature physics and holds a physical doctorate in 
solid-state physics. He has been involved in research for more than a decade. 

Mr Claude Nicollier, an ESA astronaut currently on secondment to NASA 

has been chosen as mission specialist on board flight STS 46. 
- During its seven-day mission, STS 46’s crew will leave ‘“EURECA’ in space. 
EURECA is ESA’s free-flying platform developed under the responsibility 
of MBB-ERNO and designed essentially for microgravity research 
experiments. This: first EURECA mission will fly six multi-user facilities 
placed at the disposal of about forty five principal investigators from the 
materials and life sciences disciplines. The platform will be recovered by 
the Shuttle from its orbit eight months after launch. The crew will also 
demonstrate the tethered satellite system designed by Aeritalia on behalf 
of the Italian Space Agency. This system, linked to the Shuttle, will make 
it possible to deploy, operate and recover data-gathering probes by means 
of a cable providing a constant physical and electrical connection between 
the probes and-the Shuttle. 

For Mr Nicollter; born in Vevey (Switzerland) on 2 September 1944, this 
will be his first journey into space. He will be the first ESA astronaut to 
undertake mission specialist duties. In 1980, he was posted to NASA—under 
a special agreement between that organization and ESA—in order to undergo 
the mission specialist training required. The other crew members will be 
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European spacesuits 


European astronauts will need spacesuits for all the extravehicular activities 
(EVA) such as maintenance and repair work on the outside of the Columbus 
¢ 3 
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Free Flying Laboratory. Astronauts could also intervene directly if there are 
any docking problems with Hermes. (This once happened to the Soviet 
cosmonauts who had to go and remove a plastic bag which prevented 
docking with the Space Station Mir.) 

Because EVAs can last as long as six hours, water and food will be provided 
and urine and faeces dealt with. The Hermes spaceplane will carry two suits 
on each flight allowing each astronaut two possible EVAs. 

ESA is developing its own spacesuit which will be different from the 
American and Soviet spacesuits. 

Using a lower pressure in the suit should improve astronaut mobility and 
give the crew a better feel through the gloves. To maintain and repair in 
the harsh environment of space, hands must be well protected while allowing 
fingers to bend easily. Special attention will be given to the cut and the 
selection of the material, which should be soft, so that the astronaut can 
feel small objects while the fingers will be protected from heat or cold. 

Spacesuits contain water cooled underwear, made up of elastic mesh with 
thin plastic tubes woven into it. The astronaut will be able to adjust the flow 
of the water-cooled underwear for comfort. The European spacesuit will also 
provide the astronaut with visual and synthetic presentation of mission and 
performance data. This is important from the point of view of safety: various 
sensors will collect data so that the astronaut can be warned visually and 
acoustically if an important parameter goes out of limits. Throughout EVA 
operation the astronauts will communicate by radio with the crew-member 
remaining on Hermes. 


The international microgravity laboratory IML 


ESA together with the newly founded CSA (Canadian Space Agency), 
CNES, (French National Space Agency), DLR, (West German Aerospace 
Research Establishment) and NASDA, (National Space Development Agency 
of Japan) will collaborate with NASA, the National.Aeronautics and Space 
Administration on IML-1 the international Microgravity Laboratory mission 
evolving more than 200 scientists from 13 countries. 

The aim of the new mission is to conduct science and technology 
investigations that require the low-gravity environment of space. The science 
community worldwide will benefit from the research in microgravity. Both 
life sciences and materials experiments will further our understanding of 
man and his environment and of physical processes not obtainable on Earth. 

The IML-1 crew is made up of seven people: the Commander, Ronald 

. Groke, the pilot Stephen Oswald, three mission specialists, Bill Ready, 
Sunny Larker and Norman Thagard and payload specialists Ulf D. Merbold, 
Roberta L. Bondar, and Roger K. Crouch and Kenneth E. Money as back- 
up payload specialists. : 











The European Astronauts Centre 37 


ESA is providing two facilities: Biorack (a multipurpose facility that 
supports investigations into the effects of gravity, microgravity and cosmic 
radiation on biological samples such as living cells, tissues, bacteria, plants 
or insects) and the CPF, or Critical Point Facility. This piece of hardware 
looks like a metal chest and supports the investigation of fluid as they 
undergo phase transformations from liquid to gas. The CPF has a camera 
system, laser instrumentation, a keyboard and display to control the 
experiments which are placed in a container where the volume, temperature 
and pressure are controlled. 

Any chemical component has three different phases, liquid, solid or 
gaseous. Under very unique conditions, that is to say at a given volume, 
pressure and temperature, the critical point is reached and it becomes 
impossible to discriminate between the liquid and the gaseous phase. 
Wilson put forward the renormalization theory laws defining what 
universally happens at critical point. Scientists need to experiment to verify 
this theory but only the microgravity conditions of space offer the ideal 
environment. This is because on Earth hydrostatic pressure due to gravity 
limits the experiment. ‘You only get critical pressure on a very small layer’ 
explains Dr Merbold. ‘There is nothing that can be done about it, but in 
space the problem is solved because of lack of gravity’. Sophisticated laser 
systems and laser optics on the CPF will help study density variations and 
to monitor inhomogenities. 

In fact Dr Merbold demonstrates the process of a fluid undergoing the 
phase transition from liquid to gaseous and vice-versa. This is done by 
changing the temperature of a small container filled with the proper amount 
of sulphur hexofluoride, SF6. At room temperature, about 20°C, the 
chemical is clearly liquid but by heating it to 28.78 °C in the palm of one’s 
hand, the pressure increases a little as the gas expands and reaches a pressure 
of 38.6 bar. This is the critical point, it is no longer possible to tell whether 
the chemical is liquid or gaseous. As it cools, the surface of the test tube 
mists over and tiny droplets form. Because of the 1-G force on Earth the 
separation is immediate. In space, the tiny droplets would remain 
suspended. This basic investigation in fluid physics should increase our 
knowledge of fundamental processes. 

The IML-1 Biorack contains three incubators, a glovebox and a cooler- 
freezer unit that allows the scientist to grow, and experiment on, 
hundreds of biological samples for further study on Earth. A total 
of 17 experiments have been selected probing into research fields such 
as cell proliferation and differentiation, genetics, developmental processes 
from the onset of fertilization and first cleavages, as far as looking 
for gravity responding mechanisms or sensors in plants and cells. 

ESA’s Biorack is sharing its resources approximately 50/50 with comple- 
mentary US investigations, particularly in genetics and radiation biology. 
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The Threat to Space Missions 
from Orbiting Debris 


The view of our planet from space is recognized as a swirl of white and blue, 
oceans and continents shrouded by clouds. But a computer simulation of 
animated graphics now reveals a swarm of man-made debris also orbiting 
around the Earth in all directions, so that our planet looks like a bee-hive. 
Today experts are worried that spacecraft could be damaged and the life 
of astronauts could be endangered by the increasing amount of artificial space 
debris. 

The Earth is no stranger to ‘intruders’ from outer space; meteoroids arrive 
here all the time. These are particles naturally occurring in space with a 
diameter typically greater than 0.1mm. They sometimes burn up in the 
upper atmosphere and produce a streak of light known as a meteor or 
shooting star. Alternatively, they may reach the surface of the Earth and 
are then called meteorites. There is a cloud of meteoroids orbiting the Sun 
and many are also found in the tails of comets. 

In the early days of space exploration, one of the great fears was that 
spacecraft would be destroyed by collision with natural meteoroids. This 
fear proved to be unfounded; the flux of meteoroids was low. 

In 1985, the European Space Agency held their Workshop On The Re- 
entry of Space Debris at the European Space Operations Centre (ESOC), 
at Darmstadt, Germany. 

Then in December 1986, ESA created a Working Group on Space Debris 
to discuss collision hazards in the geostationary orbit, 36,000 km above the 
Earth, the risks from space debris to spacecraft and manned mission in low 
orbit, and the re-entry of bits and pieces of satellites broken up by the 
atmosphere. The Group, made up of experts from ESA and its Member 
States, met several times at ESOC. (A report containing the findings and 
recommendations of the Working Group on Space Debris is available.) 

Since the beginning of space exploration, with the launch of Sputnik on 
4 October 1957, there have been more than 3000 launches resulting in about 
3600 satellites being placed in orbit. In addition to these science and 
application satellites, there are a large number of man-made objects in space, 
such as spent satellites, upper stages and fragments. Indeed useful satellites 
represent only about 5% of the overall population. 
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Figure 21 The ‘bee-hive’ look. A swarm of debris orbiting the Earth threatens both manned 
and un-manned space missions. (Source: ESOC.) 


_ Dr Walter Flury, Head of the Mission Analysis Section at ESOC and 
Secretary of the Space Debris Working Group, explained that there are more 
than 7000 man-made objects being tracked in orbit, of which only a few 
hundred constitute operating payloads. 

Satellites launched into a low orbit will eventually meet resistance from 
the tenuous upper reaches of the Earth’s atmosphere. After a few months, 
or even years, this resistance will slow fhe satellite and heat it, so that it 
breaks up under friction, is partly vaporized and only in rare cases will pieces 
of debris fall back to Earth. In higher orbits, the irregular gravitational 
field of the Earth and the gravity from thé Moon and the Sun all act 
to push satellites out of their correct orbit. This is why satellites need 
to have their own propulsion systems: computer experts at ESOC 
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continually monitor the satellite’s position, and can command the small 
propulsion jets to fire in order to maintain the satellite’s correct orbit and 
attitude. 

The further a satellite’s orbit is from Earth, the weaker the pull of gravity 
on it, and the slower the speed needed to stay in orbit: satellites in a 
geostationary orbit, such as meteorological and communication satellites, 
are 36,000 km away from the Earth. At the end of their mission they can 
be boosted upwards, to a remote ‘graveyard’ orbit, so as to free the orbital 
slot used by applications satellites and avoid risks of collision. 

A major concern is that collisions tend to produce many small fragments, 
which in turn increase the probability of further collisions. This creates a 
self-propagating debris swarm especially at low altitude where manned space 
flight is taking place. 

At present, the major work on space debris surveillance is done by the 
USA and the USSR. In the USA the task is assigned to the North American 
Air Defense Command (NORAD). Deep inside Cheyenne Mountains, near 
Colorado Springs, the NORAD Space Surveillance Center is hard at work 
tracking 7000 orbiting objects the size of tennis balls or larger. Many of these 
are fragments left over from explosions in space; others are discarded launch 
rockets, defunct satellites, ejected covers, a screwdriver or a spanner dropped 
by an astronaut. 

But the number of fragments down to 1cm is estimated from computer 
simulation to be between 30,000 and 70,000. Very small debris is both 
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Figure 22 Evolution of objects in current Earth orbit. (Source: NORAD.) 
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very difficult or even impossible to track, and potentially very dangerous: 
amid the measurable clutter may lurk millions of bits of smaller debris. 
Experts say a pea-sized fragment oribiting at speeds over 18,000 km per hour, 
or 5km per second, which physicists call ‘hypervelocity’, could shatter a 
$100 million satellite. 

Astronomical satellites, such as the ESA-NASA Hubble Space Telescope 
or the ESA Hipparcos satellite, will not only suffer from the light reflected 
from space junk, but could also be damaged by a collision with a centimetre- 
sized object. 


Dangerous encounters 


The effect of space debris impacting on Earth is obvious: death or injury 
to people and damage to buildings if an inhabited area is hit, also depending 
on the nature of the object, possible radioactive pollution, for instance by 
the nuclear reactor on Cosmos satellites. In space, the bigger an object, and 
the longer it stays there, the greater the chance of it being hit by orbiting 
debris. 

For instance according to experts’ calculations, there is approximately a 
1% chance that during its projected 17-year lifetime, the Hubble Space 
Telescope will be severely damaged by a collision with a large piece of space 
junk (with a diameter over 10cm). | 

A single manned module would have an 0.06% collision risk during a 
10-year mission. This risk percentage would rise to 0.19% during a 30-year 
mission. A space station, being much bigger, would run a greater risk: 2.1% 
for a 10-year mission, and 6.3% for a 30-year mission. 

In July 1982, on the fifth day of its final test flight, the US Space Shuttle 
Columbia flew uncomfortably close to the burned-out upper stage of a 1975 
Soviet INTERCOSMOS rocket. It flew past the manned vehicle at a speed 
of 11200 km per hour, missing it by only 12 km. 

During the 84 days it spent in space, the Apollo command module was 
- peppered with micrometeoroids (with a diameter under 0.1mm). The tiny 
craters on the outside of the glass after close examination revealed that some 
had.a different structure from the rest and could have been caused by the 
impact of tiny aluminium oxide particles from solid rocket motors. 

On its flight STS-7, in June 1983, Challenger’s windscreen was chipped 
so that it had to be replaced, in order to prevent future launch or re-entry 
loads causing potentially dangerous cracks. 

A month later that same year Soviet cosmonauts on board Salyut-7 heard 
a loud crack and found a 4mm crater on the outside pane of one of their 
windows. 

Were these impacts caused by meteoroids or by artificial debris, no one 
can tell, but during its four years in space aluminium panels on the Solar 
Maximum Mission were impacted by microscopic debris. Analysis revealed 
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Figure 23 Computer simulation of the evolution of fragment orbits from an upper stage 
explosion. (Source: ESOC.) 


that out of 186 tiny craters only 20 contained traces of meteoric material, 
while the rest, 166, contained traces of spacecraft paint. 

But ESA’s Giotto spacecraft, which encountered Halley’s Comet, was 
equipped with an ingenious ‘bullet proof’ shield, inspired by Fred L. 
Whipple, who’ found that the most effective method to protect against 
hypervelocity impacts is a double-wall structure: the outer wall acting like 
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a bumper shield absorbs the shock while the back-up wall is only struck 
by smaller sized molten or vaporized particles. 

Another potential source of debris is the break-up of the nuclear power 
supplies of some low-orbiting satellites, namely Soviet ocean reconnaissance 
craft. | | 

Cosmos satellites are launched by the Soviet Union into a low orbit at 
270 km altitude with a period of 89.5 minutes. They belong to a series of 
remote sensing satellites called RORSAT (Radar Ocean Reconnaissance 
Satellite) which carry a long-antenna radar powered by a nuclear reactor 
to monitor maritime traffic. This nuclear reactor, called Topaz, intended to 
power the radar for several months, contains a fuel core of some 50 kg of 
enriched uranium. 

Radar systems on RORSAT satellites require a lot of power because the 
satellites are intended to last several months taking many photographs. 
Indeed nuclear reactions provide much more power than solar panels. A 
nuclear reactor such as the one on Cosmos satellites provides about 10 kW 
of energy—enough to power all the electric appliances of a household 
including cooking and heating. Made up of hundreds and thousands of tiny 
solar cells, a solar panel generates only about 1kW of electricity — barely 
enough to power a hairdryer or a toaster—but enough for the delicate 
electronic circuits on most science and applications satellites. Furthermore, 
solar panels on a surveillance satellite would increase the drag and make 
the satellite even more vulnerable to the gravitational pull from the Earth, 
which is very strong in a low orbit. 

While nuclear reactors could be used safely for propulsion in deep space 
exploratory missions, many experts believe that reactors in orbit should be 
banned because the weightlessness and extreme temperatures in space make 
them very risky, posing a danger of unexpected re-entry into the Earth’s 
atmosphere. 

Collecting and disposing of the residual radioactivity — uranium remains 
active for millions of years—will be the problem of future generations. A 
couple of dozen surviving nuclear reactors from the Cosmos series together 
with other Soviet or American debris makes up an estimated one tonne of 
uranium-235 and other fission products in orbit. 

The Soviet Union has launched about 30 such satellites since 1967. After a 
few months, because they are launched in a very low orbit, the resistance from 
the tenuous upper reaches of the Earth’s atmosphere together with the 
gravitational pull causes this orbit to decay so that eventually the satellites fall 
back to Earth. If all goes well, at the end of the operational lifetime of aRORSAT 
satellite, the reactor is separated from the main body and its rocket, and 
manoeuvred into a higher orbit at about 900 km with a period of 104 minutes. 
The reactor should remain in that orbit for several hundreds of years. 

However, in the past, two RORSAT satellites reentered the atmosphere 
after their nuclear reactors had failed to be boosted to the higher orbit. 
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In 1978, Cosmos 954 spread a large quantity of radioactive debris in the 
Great Slave Lake area of Canada and in 1983 the reactor core of Cosmos 
1402 also reentered over the Indian Ocean. 

In its final fall to Earth friction from the atmosphere vaporizes the 
satellite so that only broken bits and pieces fall down. In the case of 
Cosmos 954 the fuel core of the reactor was enclosed inside the reactor so 
that the core was not vaporized when the satellite reentered and radioactive 
uranium mingled with the molten debris showered on 
the ground, which had to be collected and removed. Following this 
incident the RORSAT satellites were redesigned so that the uranium 
fuel core can be separated from the nuclear reactor. This way uranium 
is vaporized and the radioactivity is globally spread. This was the case with 
Cosmos 1402. 

The European Space Operations Centre is responsible for the operation 
of ESA spacecraft in orbit. Today ESOC benefits from 20 years of experience 
and from the rapid development in computer technology. 

Cosmos 1900 was threatening to reenter the Earth’s atmosphere in August- 
September 1988. In order to inform ESA Member States who did not have 
either the tracking facilities or the computer power and expertise, ESA 
monitored the orbit evolution of Cosmos 1900 and carried out reentry 
calculations based on orbital information provided by NASA and the FGAN 
Radar Station of the Federal Republic of Germany. However, the Soviets 
succeeded in boosting the satellite up to a higher orbit, eliminating the risk 
of reentry. 

Nuclear power sources are part of a general problem related to the 
protection of the space environment. It is highly desirable that the use of 
nuclear power sources for terrestrial satellites is stopped and replaced by 
other technologies. According to experts they should only be used for deep 
space missions to the outer planets in the solar system where no other energy 
sources are available, and possibly for test purposes in Earth 
orbit. 

There are a number of ways of limiting the amount of ‘junk’ that gets into 
orbit each year—for instance the careful control of upper rocket stages can 
cause them to burn up safely in the atmosphere before they pose a risk to 
other craft in orbit. Any left-over propellant in these upper stages, with a 
longer lifetime in orbit, can be vented to avoid the possibility of future 
explosion. Spacecraft can be taken ‘out of the way’ at the end of their 
mission, by being taken out of their orbit so they gradually dip into the 
Earth’s atmosphere and burn up. 

In the same way that scientific missions in the Antarctic have to find ways 
to dispose of waste-materials and junk in a permafrost environment, Space 
Stations will have to collect and dispose of rubbish which, if simply dumped 
overboard would eventually surround the station in a cloud of hazardous 
junk. Even if the rate of growth of the amount of space debris can be 
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decreased in the future, the hazard will still continue to grow with the 
increasing exploration and exploitation of space. 

Space debris is a global problem which concerns all nations active in space. 
Increased awareness and improved cooperation on an international scale 
should help us to protect the space environment. 
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Satellites Take the Space Test 





Lift-off is a very exciting moment in the life of a satellite. However, the 
success of its mission and its very lifespan depend on a series of intensive 
tests prior to the launch that also play a significant role. 

For European spacecraft these checks and counter checks are performed 
in three general test centres, CNES/Interspace in Toulouse, France, IABG 
in Ottobrunn, Germany, and the largest at the European Space Research 
and Technology Centre, ESTEC, in Noordwijk in the Netherlands. 

The European Space Agency coordinates the operations and investment 
policies of these centres. A few years ago the Agency decided to extend 
existing facilities and to make available to the European Industry test facilities 
equipped with state-of-the-art technology and big enough to accommodate 
the large spacecraft that will dominate the next decade. 

In 1987 a new test facility, the Large Space Simulator (LSS), was inaugurated 
at ESTEC. It is the biggest of its kind in Europe and is also the most advanced 
test facility for reproducing the most hostile conditions of space. 

This giant solarium provides close simulation of in-orbit environmental 
conditions: a high vacuum, extreme temperature variations ranging from about 
—200°C to +100°C and bombardment with solar and infrared radiations. 

The LSS is as big as a three-story house. The main test chamber, a vertical 
cylinder 10 m high and 9.5 m in diameter, has a lid at the top for easy loading 
and an additional 5 m door for smaller craft— with a smaller, man-sized door 
for fast access. It accommodates the largest satellites, providing an overall 
volume of 2150 cubic metres. 

Huge cranes hanging from the ceiling above the test chamber are used 
to lift the spacecraft up very gently and position it into the chamber, with 
an accuracy down to one-tenth of a millimetre. 

In March 1988 ESA’s HIPPARCOS satellite was submitted to a series of 
flight acceptance tests lasting two months. Sixteen days were spent in the 
LSS in March. These: tests were the most complex and challenging 
undertaken until then at test facilities in ESTEC. 

HIPPARCOS was introduced horizontally, through the lid of the main 
test chamber. The satellite was supported on a stable platform which was 
kept absolutely still by insulating it from chamber and building movements. 
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Figure 25 The satellite HIPPARCOS in the Large Space Simulator at ESTEC. 
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Figure 26 The ERS-1 payload module entering ESTEC’s Large Space Simulator in preparation 
for a series of thermal vacuum tests (June, 1989). | 
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Optical instruments on the payload are so sensitive that the slightest 
vibration would affect them. Special devices record the intensity of the waves 
breaking along the beach 700 metres away, and if need be, no cars are 
allowed outside the building, no doors opened or closed, the air-conditioning 
is stopped. 

In June 1989 the ERS-1 payload module also underwent a series of thermal 
vacuum tests in the Large Space Simulator. 


Solarium for satellites 


In the LSS, to simulate solar radiation, a second chamber—a horizontal 
cylinder, houses a huge mirror, 7.2 m in diameter, made up of 121 hexagonal 
segments set in a honeycomb pattern. The mirror reflects a very strong beam 
of light (6m in diameter, about 1360 watts per square metre) coming from 
12 of 19 xenon lamps. The light is reflected at a specific angle, closely 
simulating the angle at which the sun’s rays would strike the satellite. 

The LSS is depressurized to create a high vacuum, equivalent to that 
experienced in orbit 100 km above the earth. The system engineer, Walter 
Shickle, has explained that engineers use a pumping system to produce a 
vacuum as low as 3X 10 millibars. Turbo-molecular pumps extract molecules 
of air using a high speed rotation of turbine blades, while a cryo pump, 
feeding from a tank cooled to — 269°C by liquid helium, creates a vacuum 
by instantaneously freezing air molecules coming into contact with its 
surface. 

The chamber is returned to normal atmospheric pressure using nitrogen 
gas and then letting in clean air. The process takes from 4 to 24 hours 
depending on what is needed. 

The motion of orbiting spacecraft is simulated with a turntable and a 
spinbox: on the turntable the satellite rotates around a vertical axis to copy 
attitude motions in orbit. The spinbox allows the satellite to spin around 
a horizontal axis. 


Not a speck of dust 


Cleanliness requirements are particularly stringent when an optical satellite 
such as HIPPARCOS is being tested. 

Jietze Radersma, LSS interface engineer, has pointed out that there are 
two sources of contamination: particles and condensable molecules. Test 
engineers at ESTEC fight a constant war against dust: special air filters, sticky 
mats and cleaning apparatus maintain a dust-free environment, while 
monitors keep a constant count of the amount of dust particles in the air. 

In the test facilities there are three grades of cleanliness: the least stringent 
allows for 100,000 particles of 0.5 and larger per cubic foot. In the test 
preparation room where the satellite awaits testing, the level is down to 
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10,000. Finally in the in-depth clean tent there are only about 100 particles 
per cubic foot. Compare this with several hundred million particles in an 
average home! 

Molecules are much smaller than dust particles but just as dangerous: a 
seemingly invisible fingerprint will turn to vapour in a high vacuum 
environment and it could condense on the optics, blurring the instruments. 

There is a long list of contaminating materials: certain plastics, paint 
coatings and even metals can out-gas when submitted to intensive heat, so 
that molecules escape and interfere with the optics. 


Deploying the solar panels 


Mechanical tests are just as important as thermal tests, but unfortunately 
no one yet has found a way to simulate zero gravity in a test chamber. In 
space, the satellite spins on itself which provides a centrifugal force helpful 
in the deployment of the solar panels. 

In the LSS the panels are deployed when the satellite is not in motion. 
Each solar panel is unfolded one by one almost horizontally but pointed 
a few degrees downwards to simulate the centrifugal force of a spinning 
satellite. | | 

If the panels were pointed completely horizontally they would be difficult 
to deploy, but if deployed vertically the gravitational force would be so strong 
that the hinges, or the panels themselves, could be damaged. 

After 16 days of stringent tests, the satellite would have shown it was ready 
to withstand the extreme stresses to which it would be subjected during 
launch, and once in orbit, to the rigours of space. 
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Redu: Mediaeval Tradition 
Meets Space Age High Tech 





In the Belgian province of Luxembourg, in the heart of the dark forests of 
the Ardennes, the small village of Redu is part of the combined Borough 
of Libin. Surrounded by meadows and pine trees, Redu is indeed very 
picturesque with the high steeple of the church looming over white-shuttered 
brown and ochre stone walled houses. This rural village has become a focal 
point for book collectors. There are today more than 20 bookshops, a paper 
manufacturer and two bookbinding workshops—craftsmen use mediaeval 
engraving and binding methods and Redu is twinned with Hay-on-Wye, 
a little Welsh village which is also the world’s biggest secondhand bookshop. 

However, there is more to Redu than meets the eye, as it does not only 
look back —it looks up — and hosts a major tracking station for the European 
Space Agency. 

Indeed the ESA’s tracking station just outside the village has been scanning 
the sky for more than 20 years and Redu has become one of ESA’s most 
important ground stations. 

At the beginning, the tracking station set up, in 1968, by ESRO, the 
European Space Research Organization, was part of a network supporting 
near-Earth scientific satellites. The European Space Tracking Network of 
stations ESTRACK was installed to extend the ground track coverage. At 
first, the ground segment consisted only of the Redu tracking station in 
Belgium and the control centre at Noordwijk, ESTEC, in the Netherlands. 
To extend the tracking network, the stations at Fairbanks, Alaska (USA), 
Spitzbergen (Norway) and in the Falkland Islands, were added, while the 
European Space Operations Centre, ESOC, in Darmstadt, Germany, became 
fully operational in 1968. 

During the first 10 years Redu tracked such satellites as ESRO-1A and 
ESRO-1B to study the routes and energy of solar particles on their way to 
the Earth through the magnetosphere. Operating two satellites at the same 
time makes it possible to determine whether variations observed are spatial 
or temporal. Because they were in near-Earth orbit, these satellites were 
‘visible’ to the station for about ten minutes during each passage. One 
interesting finding resulting from operating ESRO-1A and 1B is that although 
they were separated by several hundred kilometres, both satellites recorded 
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in-phase periodic variations in solar particle flux as the particles arrived over 
the northern polar cap. 

The ESA COS-B satellite in 1975 was also tracked by Redu and this highly 
successful mission confirmed that most of the gamma radiation arriving near 
the Earth originates in our own galaxy. 


Telecommunications from the sky 


In 1977 the ESA launched METEOSAT-1, the first European weather forecast 
satellite, in geostationary orbit 36,000 km from the Earth. A year later the 
first Orbital Test Satellite, OTS-2, was launched, followed in 1981 by the 
MARECS.-A and B satellites deployed over the Atlantic and Pacific to transmit 
communications between coastal stations and ships at sea, as well as the 
European Communications Satellite, ECS. 

Redu provided support for all these missions. Redu was also involved in 
the launch and early orbit phase operations of both METEOSAT-P2 and 
ECS-5 in July 1988. ECS-5 provides TV, radio and telecommunications 
services throughout Europe, replacing ECS-1, the first of the ECS family 
which had been in service since June 1983. 

The drift-orbit phase just after the launch, when the satellite drifts slowly 
to its final in-orbit position, 36,000 km above the Earth, is a critical time in 
the life of a satellite. It lasts for two or three weeks, during which Redu plays 
a major role in tracking the satellite, sending telecommands and relaying 
telemetry data (i.e. the transmission by radio of measurements made at a 
distance) to the main Operations Control Centre, ESOC to which it is linked 
continuously. During this time, the performance of the satellite is checked. 

Once the satellite has reached its final position in geostationary orbit, its 
communications payload is switched on and the main testing starts. Redu 
has full autonomy for all the operations required for ECS missions from that 
time on. The ECS satellites are operated on behalf of EUTELSAT, who 
become the satellite owners following in-orbit acceptance. 

Redu has a dedicated ECS control room with various digital and graphic 
displays which enable the controllers to monitor the onboard performance 
of the satellite. The in-orbit performance testing of the payload must be 
carried out accurately and quickly to allow the satellite to be operational for 
commercial service as soon as possible. For instance, performance testing 
for ECS-5 lasted just two-and-a-half weeks. 

Communication satellites relay data, radio and TV programmes between 
distant Earth stations over a specific area called a ‘footprint’. One of Redu’s 
tasks is to check that the signals are transmitted to the required area. 

The comprehensive facilities and considerable experience developed by 
Redu over more than 20 years for the in-orbit testing and control of 
communications satellites will enable it to remain in charge of ECS missions 
in the years to come, while taking on the ambitious Olympus mission, 
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ESA's large Direct Broadcast Satellite launched in 1989 with a footprint 
covering the whole of Europe for the first time. 

In the future Redu will also be involved with the Agency’s Payload and 
Spacecraft Development and Experimentation programme (PSDE) and the 
Data Relay Satellite System (DRSS) to support the Columbus, Ariane-5, and 
Hermes orbit infrastructure. The highly advanced technology of these 
programmes will provide new challenges. 

In just 10 years the staff at Redu has more than doubled, rising from about 
20 in 1980 to over 50 today. To ensure uninterrupted service for maintenance, 
testing and operation tasks, staff work in shifts, so that Redu is manned 
around the clock. 

Indeed Redu’s role is more important than that of most tracking stations 
and its uninterrupted operation is of crucial importance because not only 
does it contain the ECS control centre, but it is one of the few stations 
providing a back-up support to other satellites and stations. If command to a 
satellite is lost, the satellite itself could eventually be lost. Redu has broadbeam 
very high frequency (VHF) facilities that can take over from the normal track- 
ing station in the event that a satellite no longer points directly towards Earth. 


Not a flicker on the screen 


The engineers at Redu also switch communications satellites around in the 
sky: for instance ECS-5 was recently moved from 16° to replace ECS-4, and 
ECS-4 which was at 10° east was moved to 13° east to replace ECS-1 which 
carried all the TV channels; ECS-1 has been transferred to another orbital 
position where it will carry out new services and act as an in-orbit spare. 

Much care was taken to adjust the orbits so that the satellites remain 
far enough apart to avoid the small—but real—possibility of collision. 
Transferring traffic is a delicate operation—to switch off and on, from one 
satellite to another, takes about a millisecond, so that people watching TV 
do not even see a flicker on the screen. 

Today the village of Redu is also looking forward to setting up a Space 
Centre open to the public, where visitors, including children and students, 
will discover how the conquest of space has changed our lives in the 
past 30 years, with worldwide communications, new materials, medical 
and industrial breakthroughs. Redu has already organized, in 1972, an 
international space exhibition, which was widely acclaimed. A year later, 
in 1973, the Minister for Science Policy, Charles Hanin, gave Redu a Europa-2 
rocket to use as an exhibit. The new Space Centre will be located in a clearing 
in the forest. The public will be able to take part in various experiments, 
watch videos, look at simulations of spacecraft in operation and see films 
on a three-dimensional screen. The Redu Space Centre will not only be a 
museum of past space history, it will give a preview of future space 
exploration. 
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Weather Watch: The Winds of Change 





When the British writer David Lodge observed in his novel Changing Places 
that, to a visiting American, the English weather forecast sounds like nothing 
more than some bizarre extension of the satire industry ‘some kind of spoof, 
predicting every possible combination of weather for the next twenty four 
hours without actually committing itself to anything specific’, METEOSAT 
satellites were not yet twirling through space providing more than 300 million 
Europeans with the satellite images featured every day on television weather 
forecasts. 

Since 1977 the European Space Agency’s METEOSAT development 
programme has been highly successful, helping meteorologists improve 
short-term weather forecasting techniques and paving the way for the 
METEOSAT Operational Programme (MOP). 

Europe’s first operational meteorological satellite, MOP-1, (which 
eventually became METEOSAT-4) was launched from Kourou, French 
Guiana on board Ariane-4 in March 1989. 

The first three meteorological satellites, funded and developed by ESA 
were launched respectively in November 1977, June 1981 and June 1988. 
It is remarkable that METEOSAT-2 which had a planned lifetime of three 
years remains in orbit today, still capable of performing the imagery and 
dissemination missions which it began over seven years ago, although only 
as an in-orbit spare after the successful launch of METEOSAT-3. 

METEOSAT-3 was fitted with a Laser Synchronization from Stationary 
Orbit (LASSO) experiment, a world first to achieve time-standard 
synchronization over intercontinental distances. The first part of the LASSO 
experiment has already proved successful: light pulses fired from a ground 
station were received and returned by METEOSAT. Eventually, as a result, 
atomic clocks in Europe and America will be synchronized to the accuracy 
of one billionth of a second. | | 


On top of the weather 

The USA put the first experimental meteorological satellite TIROS-1 
(Television and Infrared Observation Satellite) in orbit in April 1960. It could 
only take pictures by day of zones of non-extreme latitudes. 
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Figure 29 METEOSAT-3 with the LASSO experiment during last tests before launch in 
June 1988 from the Kourou Space Centre. 





60 Europe: Stepping Stones to Space 


But experts were amazed to see the photomosaic of pictures taken 720 km 
out in space. Through its tiny TV cameras, TIROS-1 carried the human eye 
into space so that man for the first time saw clouds from above, riding the 
backs of invisible winds, the key to global weather systems. A great 
advantage of weather satellites is that they observe conditions over areas 
where we lack other information, particularly the oceans. 

The first to realize the significance of this new satellite spinning around 
the skies were the inhabitants of Brisbane in Australia. Just ten days after 
it was launched, TIROS signalled the formation of a typhoon 1500 km out 
over the ocean in an area without any other means of meteorological 
observation. Thus Brisbane received an early warning of the impending 
danger and was able to take steps against the typhoon which otherwise 
would have struck the city without notice. 


Linked orbits for international cooperation 


MOP-1 (which became METEOSAT-4) will be followed by two other 
operational METEOSATS. The main instrument for taking measurements 
of visible radiation, that is to say sunlight reflected by clouds, land, water, 
snow and ice, as well as infrared which is the radiation reradiated in the 
form of heat by the elements themselves, is a radiometer for visible-radiation 
and infrared wavelengths. 

METEOSAT-4 is 2.10 m in diameter, 3.20 m long, with a mass of 316 kg 
in orbit at start of life, which includes 40 kg of hydrazine propellant for station 
keeping during the satellite’s planned lifetime of five years. 

The main cylinder of the spacecraft is covered with solar cells, except for 
a port through which the radiometer scans the Earth as the satellite rotates. 

The METEOSAT family represents one of Europe’s contributions to the 
World Meteorological Organization. METEOSAT also took part in the Global 
Atmospheric Research Programme (GARP) launched in the late 1970s. GARP 
involved the USA, Japan, the USSR and Europe and lasted a little over a year. 

Brian Mason, Head of Meteorology in the METEOSAT Exploitation Project, 
emphasized the importance of METEOSAT: ‘The requirements to forecast 
our weather five to ten days ahead implies that in a given time we must 
know the current weather situation of the whole Earth, since our weather 
in several days time will certainly be influenced by what is happening today 
on the other side of the world. In this respect meteorological satellites play 
a very important part in providing information of the current weather 
situation on a global basis, particularly over the oceans and more remotely 
populated areas of the world’. . 

The network of meteorological satellites is made up of both polar and 
geostationary satellites and started to operate in the 1970s. 

American National Oceanic and Atmospheric Administration (NOAA) and 
Soviet Meteor satellites have a polar orbit almost perpendicular to the plane of 
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Figure 30 METEOSAT. 
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the Equator. They observe a given point on the planet at least twice a day and 
make it possible to piece together a complete picture of the Earth every 
12 hours. 

Geostationary satellites complement polar satellites and vice-versa: the 
American GOES satellites, ESA’s METEOSAT satellites and the Japanese 
GMS are geostationary, at an altitude of 36,000 km above the equator. They 
continuously observe the same circular zone. Together with the polar 
satellites they cover the whole surface of our planet. 

METEOSAT-4 will replace METEOSAT-3 to survey the whole of Europe 
(except the polar regions) the whole of Africa, the Middle East and the 
Atlantic Ocean. This means that METEOSAT is of interest not only to 
the European meteorological community, but also to meteorologists, 
climatologists and atmospheric physicists in at least a hundred other 
countries in the world, particularly in Africa. 

The METEOSAT Operational Programme (MOP), was developed and will 
be operated by ESA on behalf of the European Organization for Meteorological 
_ satellites (EUMETSAT), with 16 Member States, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, The Netherlands, Norway, 
Portugal, Spain, Sweden, Switzerland, Turkey and the United Kingdom. 

The METEOSAT Operations Control Centre (MOCC) is the central hub 
for all operations related to spacecraft and mission control. It is located within 
ESA’s Space Operations Control Centre (ESOC) in Darmstadt, Germany. 
There, around the clock, controllers monitor and operate the spacecraft on 
25 consoles. 

The Meteorological Information Extraction Centre (MIEC), processing 
data sent by the satellites, is also located within the METEOSAT Centre. 
The MIEC produces seven sets of data: cloud motion winds, sea surface 
temperatures, could top height maps, cloud coverage data, upper 
tropospheric humidity values, a basic climatological data set and a 
precipitation index. These sets of data are produced automatically but the 
first five are quality controlled by a meteorologist before distribution. 

Jean Le Ber, Head of the METEOSAT Data Service, has said that one way 
of measuring the success of the pre-operational METEOSAT programme was 
by the large number of telephone calls received at ESOC every time an image 
failed to ‘arrive at one of the many hundreds of stations specially installed 
for receiving the METEOSAT pictures. 

METEOSATS have 66 channels to collect cremation from Data Collection 
Platforms which can be anywhere in the coverage area, on land, ships, buoys, 
balloons or aircraft. This data is received at ESOC and then redistributed. 


Nowcasting: smart systems come to the rescue 


Sailors, shepherds and generally people in rural areas have always been 
good at predicting the weather, by looking at the sky, the movements of 
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Figure 31 METEOSAT: the first image P2: 29 June 1988, 13:30 hours GMT. 


the clouds, the changing winds. Long experience, a keen sense of observation 
and good judgment all combine to achieve a fairly accurate prediction. In the 
same way a doctor at the beginning of the century could come to the right 
diagnosis without sophisticated scans and equipment, just by making 
correlations between the patient’s temperature, his breathing, heart-beat etc. 

Experts in artificial intelligence are trying to get computers to perform tasks 
normally requiring human judgment. These computer systems are called 
expert systems, and they have been applied successfully in a variety of fields 
of significant importance and difficulty, including medical diagnosis, chemical 
analysis or mineral prospecting. Today experiments are under way to apply 
expert systems to weather forecasting. The idea is not to do away with man 
altogether but to improve the man-machine interface and gain considerable 
time. 
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By storing and applying some of the forecaster’s knowledge, expert 
systems manipulate the representation of ideas, by selecting significant data, 
weighing it and connecting it to evidence to draw conclusions. 

One such pilot project is being applied to the FRONTIERS system in 
which image data from the UK weather radar network and from METEOSAT 
are combined to produce ‘nowcasts’ (forecasts for three hours or so 
ahead) of the rainfall pattern. The forecaster could save time in active 
weather situations with the help of an ‘intelligent’ system to scan the 
data, form initial conclusions and draw his or her attention to significant 
events. 


And what will the weather feel like? 


Today, farmers, builders, sailors, street vendors, sportsmen and women and 
holiday makers need not gamble with the weather. 

The person in the street is more and more demanding and the trend is 
towards more localized, more frequent forecasts adapted to special groups. 
If you want to concrete a path in central London, you are not really interested 
if it is going to rain in west London. To the street vendor, knowing whether 
he should prepare to sell hot dogs or ice cream the next day makes all the 
difference. The farmer must calculate when to plant and irrigate and reap, 
the ski resort operator when artificial snow is needed. The city or country 
road crew, when to prepare to salt or sand before a blizzard. 

The temperature of the surface of the sea is of great significance to 
commercial fishermen who know which water temperatures fish prefer. 
Satellite temperature charts show warm or cool eddies moving along the 
coasts, so that fishing vessels can get there on time. 

Electrical storm and hurricane warnings save lives and many European 
countries have five-minute segments describing how the weather will affect 
air travel and sea crossings. 

Today weather information is part of the news. Weather presenters become 
celebrities: in Belgium there is Armand Pien’s unique blend of scientific 
expertise and witty pranks, in France, Michel Cardoze’s poetry quotes to 
match the mood of the day, and in Britain, Ian McCaskill’s waterproof smile. 
Broadcasters tend increasingly to explain the why and how of changing 
weather, how freezing temperatures may have affected a road disaster for 
instance, and what conditions rescue workers could face. 

Computer simulation models provide five-day regional forecasts, and make 
it possible to hold clouds static while continents move underneath; this gives 
forecasters an early warning of storms or hurricanes as they can witness 
the build-up of ominous clouds. Some TV channels feature isobars that move 
and radar pictures that show rain and snow as it falls. More and more 
meteorologists display colour-coded air temperature charts to show areas 
of warm and cold, and distinctive weather symbols. 
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Weather forecasts are based on increasingly complex calculations involving 
an enormous amount of numerical data, wind speeds, temperatures, cloud 
measurements, etc., but the trend is to get away from scientific looking charts 
and instead describe how the weather will affect us, in fact also how it will 
feel: a comfort factor indicates the relationship between heat and humidity, 
or warns of a possible wind-chill factor. 

It is foreseeable that in the future special reports will describe what the 
beach or the ski slopes will feel like. Life still will not be a picnic, but at 
least we shall know when it is safe to plan one! 
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Space Watch on our Restless Planet 





Our planet is far more dynamic than we ever imagined. Slowly, inexorably, 
the face of our world is changing but these vast movements are hidden in 
time from our short-lived species. Now, however, space-age tools are helping 
scientists explore the creation of new land forms and give us a new insight 
-into the effects of pollution and climatic changes. 

It has been said that modern scientists are learning so much about so little 
that they will eventually know everything about nothing. However, a 
new trend is developing: experts agree that complex interactions have to 
be unravelled in order to understand global climate change patterns. A 
multifaceted effort is underway to study relationships between atmospheric 
composition, global temperatures, ice mass, the solar cycle and the distribution 
of land masses and oceans. 

The first European Remote Sensing Satellite (ERS-1), due for launch in 
1991, will be part of a new generation of international missions planned for 
the next decade which could help understand and predict some of the 
world’s most baffling and potentially threatening weather phenomena. 

Environmental disasters such as floods, droughts and hurricanes are 
increasingly occurring. Some remain mysterious, for instance the El Nino 
events (meaning ‘the boy’ or ‘Christ Child’, named for its usual advent 
around Christmas) in which unusual water warming in the eastern Pacific 
Ocean, causes torrential rain and flooding in South America (such as the 
intense El Nino in 1982 and 1983 which caused considerable loss of life and 
billions of dollars worth of damage). Others are better understood, such as 
floods in the Indian subcontinent due to massive deforestation in the 
Himalayas. British geographer Roy Ward writes of Bangladesh ‘It is ironical 
that in an area through which flows the discharge from the second largest 
river system in the world, flood is followed by drought because the floods 
which assume such vast proportions, often inundating one-third of the total 
land area of Bangladesh, are not adequately controlled’. 


All seeing, day and night 


Studying our planet from space offers obvious advantages: ERS-1 will 
give an overview of macro-features related to geology and oceanography. 
Furthermore, unlike the American LANDSAT and the French SPOT satellites, 
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which it will complement, ERS-1 will pioneer a payload of advanced radar 
instruments to monitor ocean, ice and land resources. With conventional 
optical remote sensing satellites flown so far, data gathering has been 
curtailed by cloud and the hours of darkness. But radar systems ‘see’ through 
cloud and darkness. 

The ERS will also make the oceans ‘transparent’. Richard Francis, ESA’s 
Radar Altimeter Mission/System engineer at ESTEC has said that the 
structure of the bottom of the ocean is reflected in the structure of the surface. 
In shallow waters the pattern of shoals and sand banks is revealed in the 
ripples on the surface, whereas in deeper oceans the sea surface has hills 
and valleys echoing the seamounts and troughs of the sea-floor. 

An Along Track Scanning Radiometer (ATSR) will provide very accurate 
sea surface temperatures. 

This will help scientists understand the dynamics of huge underwater 
storms spun off by the Gulf Stream. These systems, called warm and cold- 
core rings, remain intact for months. With a diameter of up to 100km 
and a depth of 1000 m these columns circulate slowly, storing enormous 
quantities of energy equivalent to the output of a huge power station and 
they play an important role in ocean life. 


An international effort 


From 1972 to 1988 civilian remote sensing satellites have consisted mainly 
of the US Landsat Multispectral Scanner and Thematic Mapper LANDSAT 
satellites, and since 1986 the French SPOT High Resolution Visible 
Instrument. The American NOAA, TIROS, GOES and NIMBUS satellites 
provided additional land and ocean data, as did SEASAT during its three- 
month life in 1978. Japan launched Earth observing satellite, MOS-1 in 1987, 
and since 1977 the Soviet Meteor satellite programme has produced Earth 
observation data. : 

For the 1990s the space agencies of 20 nations are planning a fleet of 
advanced spacecraft for the international ‘Mission to Earth’ project. This 
project is the largest cooperative space effort ever undertaken and it has been 
adopted as a primary focus for International Space Year (1992). Together 
with eleven Member States from ESA, the USA, the Soviet Union, Japan, 
China, Australia, Brazil, Argentina and Pakistan are participating in this 
unprecedented effort to monitor the intricate links between the atmosphere, 
ocean and land. Data from the survey will help reveal the complex 
interactions between natural and human factors affecting the environment. 

The European Space Agency is also planning a Polar Platform to be 
launched in 1997 as part of the Columbus programme. This unmanned 
platform, together with an American and a Japanese Polar Platform, will 
be part of the International Space Station Programme (‘Freedom’). It too will 
carry a suite of environmental monitoring and remote sensing instruments. 
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Two-thirds of the world’s surface is covered by sea. It has been calculated 
that there are about a hundred million cubic kilometres of water in the oceans 
of the world. For the past ten years oceanographers and other experts have 
been planning the World Ocean Circulation Experiment (WOCE), which is 
due to start in 1991 with the launch of ERS-1. It will involve many ships, 
hundreds of ocean current monitors and ESA’s satellite, to be joined later 
by TOPEX/Poseidon, a Franco—American mission. 

The data collected will help build a model of ocean circulation which in 
turn will help predict what will happen to the climate. 

A second flight model, ERS-2 will ensure continuity, filling the gap before 
the launch of the first Polar Platform, in 1997. Clearly, a continuous flow 
of data is crucial to the build-up of our understanding of the interaction 
between the oceans and atmosphere which is a key factor to the evolution 
of the climate. 


Ocean ‘heart’ drives change 


What is the link between floods in Peru, monsoon failures in India and 
droughts in Australia? 

Scientists have discovered an incredibly powerful engine, which like a 
beating heart drives many climatic fluctuations lasting less than five years. 
It appears to dwell not in the atmosphere but in the ocean. 

One example of the driving force of this mysterious natural engine is 
El Nino, an unruly fluctuation of weather which has occurred 47 times in 
the last 460 years, and which afflicts most of North and South America. The 
first hints of the origin of El Nino were revealed to oceanographers in a 
picture taken by a Japanese weather satellite. The infrared image showed 
two cyclones in temporary but exact alignment on opposite sides of the 
Equator. The conjunction of the giant Pacific storms generated a massive 
burst of westerly winds across thousands of miles of the ocean, pushing 
a surge of warm water eastwards. 

This is just one example of how remote sensing technology is changing 
the way ocean scientists pursue their work. Instead of jotting their theories 
in notebooks, scientists have pictures that actually give shape to their 
abstractions. | 

With ERS-1, experts will be able to go one step further, past the first stage 
of simply looking at pictures of the Earth into an era of quantitative 
measurements of geophysical parameters. We must consider the Earth as 
a whole system, much in the way biologists progress from biochemical 
processes to an understanding of complete living animals. From looking at 
pictures and establishing patterns, we must move to thinking and modelling 
the geophysical processes affecting the global changes. 
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Greenhouse gas threat 


One of the major and most alarming global changes worrying scientists is 
the so-called ‘greenhouse’ effect. Both the atmosphere and the ocean are 
under increased stress from human exploitation. The burning of fossil fuels 
such as coal and oil have considerably increased since the Industrial 
Revolution. The quantities of carbon dioxide that we send into the 
atmosphere have risen by 25% since 1958. It is estimated that this will have 
doubled by the middle of the next century. 

The accumulation of carbon dioxide in the atmosphere, like the glass in 
a greenhouse lets the sunlight through but traps some of the Sun’s energy 
as heat. This greenhouse effect gradually warms our planet’s climate. 

Deforestation, the steady destruction of the only significant oxygen 
production on the planet, and which accounts for up to 20% of atmospheric 
carbon dioxide build-up, is another key factor to the greenhouse effect. Rain 
forests in Africa and South America, particularly Brazil, are being cut down 
_ at an alarming rate. 

There is a danger that as the world’s climate warms, droughts will increase, 
hurricanes will be more destructive and hit farther north, during a greater 
part of the year. Polar ice caps will melt, and slowly but steadily, the global 
sea level will rise. Sea levels Rave increased by 10cm during the past 100 
years. If unchecked, sea levels could rise by more than 1.50 metres over the 
next 40 years, threatening such cities as New York, London, Beijing and 
Seoul. River estuaries in Europe will be vulnerable to flooding while the 
consequences for tiny islands such as the Maldives could be dramatic. The 
security provided by sea walls and mount refuges of the sort built in the 
coastal regions of Bangladesh will be jeopardized. The advanced sensors 
developed for ERS-1 and planned for the follow-on satellites will help us 
to monitor global changes and improve our understanding of our planet’s 
mysterious inner workings. 


After El Nino, La Nina 


In addition to the widespread attention paid to the greenhouse effect, it was 
predicted that a mysterious weather pattern called La Nina (‘the Girl’, named 
to distinguish the cold event from E] Nino, ‘the Boy’), in the winter of 
1989/90, would lead to a dramatic, though probably temporary, drop in 
average global temperatures by generating unusually cold currents to the 
eastern Pacific. This proved to be correct. 

For a time La Nina may offset the greenhouse effect by helping the 
absorption of the 5.5 billion tons of carbon dioxide we send into the 
atmosphere each year. Carbon dioxide is partly absorbed by the oceans and 
forests, resulting in a 40% reduction in the atmosphere of the total carbon 
dioxide produced annually by worldwide fossil-fuel burning. 





Space Watch on our Restless Planet 73 





Figure 36 La Nina, a patch of colder than normal surface water in the tropical Pacific, 
combined with a patch of warmer than normal surface water southeast of Hawaii pushed the 
jet stream northward, causing drought in the USA and affected wind patterns thousands 
of miles away. 


As yet, experts do not understand the correlation between El Nino and 
La Nina. Satellite data such as ocean temperatures and the speeds of currents 
and winds provided by ERS-1 could reveal the mechanism linking the two 
cycles, so that it may actually be possible to predict rainfall in the American 
Midwest by measuring snowfall in the Himalayas, for example, by establishing 
a framework into which the pieces of the global puzzle can be fitted. 

In the long term the current warming trend is real and at present there are 
major gaps in our understanding. ERS-1 and the other planned satellites will 
provide more accurate observations; but it will take many years to obtain 
reliable figures about the net effect of variations in ocean temperatures and 
the resulting distribution of cloud cover. These data are necessary to 
understand the interplay in time and space of the oceans and the 
atmosphere. 
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To build up a global model scientists need to understand not only the 
geophysical but also biological processes, for instance, the food-chain process 
by which plankton in the oceans absorb carbon dioxide, and how plankton 
type and quantity relate to the ocean colour. Rapid surveys of whole oceans 
by remote sensing satellites will give global estimates of the amount of carbon 
dioxide the plankton are consuming. Only then will scientists know to what 
extent the oceans can compensate for our burning of fossil fuels and 
destruction of forests. 


Fleeting clouds 


Clouds play a key role in modifying surface, energy and moisture balance 
on Earth by modulating the Sun’s radiation both in the atmosphere and at 
the top of the troposphere. Today global cloud formation and cloud physics 
pose many questions. How are they distributed, and how do they change 
in time and space? ERS-1 will see through clouds no matter how thick they 
are or how many layers there are. 


Racing glaciers, key to ice mass dynamics | 


Today sea ice covers 10% of the world and is inadequately measured; ERS-1 
will monitor ice on the world’s surface. Scientists are just beginning to 
understand how, advancing and retreating over the eons, ice has helped 
shape the face and climate of our planet. 

As seen from space our planet appears blue, brown and white—much 
of the white is water in its solid state, polar caps and the ice of glaciers and 
mountain-tops, snow, and frozen cloud-tops, the extent of this ice cover 
increases and decreases throughout the year in response to seasonal changes. 
During a polar winter, sea ice grows to a thickness of two or three metres. 
As the ice grows, it deposits salt and heat into the deep underlying ocean. 

Ice caps displaying annual layers of snow separated by dry season dust 
are frozen archives of weather reports over more than 100,000 years. These 
have been widely used by scientists in efforts to try to understand the history 
of climatic change. 

Glaciers are really moving rivers of ice, flowing from high mountain peaks 
accumulating compacted snow and driven inexorably by the force of gravity. 
Sometimes, in what is called a ‘surge’, a glacier picks up dramatic speed, 
racing at up to 100 times the normal rate, lifted and carried by trapped water, 
so that it slides downhill heaving and undulating like a giant caterpillar. 


An early warning system 


These great cascades of mountain-borne ice will be monitored by ERS-1 
which will observe how, at the end of their voyage, the melting ice battered 
and fractured by the sea, breaks off as huge icebergs. 
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Figure 37 Getting worse all the time: satellite image of the hole in the ozone layer over 
Antarctica. 


Scientists have long recognized that ice ages are not confined to pre- 
history, as the time since the last ice age is less than the typical interval 
between them. Therefore we must expect further ice ages. Certainly the 
northern hemisphere, particularly in high latitudes, appears to be cooling 
after a century and a half of relative warmth. 

Before this were the four centuries of the ‘Little Ice Age’, during which 
people skated annually on the river Thames in London. Prior to the Little 
Ice Age the climate was warmer. The Vikings settled in North America, with 
colonies in Greenland, which in those days was truly green. The Little Ice 
Age killed the Greenland colony, cutting off the Vikings in North America. 
To this day nobody knows what became of them, a colony cast adrift by 
climatic change. 
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These variations in planetary climate will almost certainly be influenced 
by man’s impact. By burning fossil fuels and rain forests and thus injecting 
massive amounts of carbon dioxide into the atmosphere, man could have 
set off the ‘greenhouse’ effect, causing the ice sheets of Antarctica and 
Greenland to slide off and the oceans to rise inexorably. However, one of 
the ERS-1 instruments, the Radar Altimeter has a unique mode designed 
to measure the topography of ice sheets. Potentially this could provide an 
early warning of catastrophic slippage of these ice sheets. 


A strategy for the future 


Until now, the Earth’s climate, while oscillating between cold and warm, 
has been remarkably stable, self-correcting to let in the right amount of solar 
energy and preserve enough moisture to sustain life. Just as we begin to 
understand the climatic rhythms that have gone on for hundreds of millions 
of.years, ironically we may also have begun to change them irrevocably. 
Still more unexpected changes, such as the hole in the ozone layer may be 
on the way. | 

A warmer globe will bring profound changes in sea levels and ice caps, 
vegetation and rainfall patterns, solar radiation, cloud cover and wind speed. 
This will have a strong impact on social and economic aspects such as 
human migration, agriculture and industrialization. Why then do such 
ominous predictions not spark decision makers into action? This is because 
climatologists and other experts still lack proof. They can show that what 
is happening is indeed in line with their initial predictions. But we have 
no proof of future events. The next generation of remote sensing satellites, 
of which ERS-1 will be an important element, by helping build a global 
model, may well trigger political awareness before it is too late. 
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Telecommunications: 
The Orbital Satellite Legacy 


When you telephone London, telex Tokyo or send computer data to 
New York, the odds are good that you will be using a communication 
satellite. Only a third of international tele-traffic goes by cable laid beneath 
the oceans. The rest goes via satellites which have unique qualities that set 
them apart from other transmission media such as coaxial cables, optical 
fibres and radio links. Telecommunication satellites are injected into a 
geostationary orbit some 36,000 km above the Equator. Today there are more 
than 100 such telecommunication satellites orbiting the Earth, making it 
possible to establish wide-band links across considerable distances. Because 
satellites allow both multiple access at the transmitting end, and multiple 
destinations at the receiving end, links can be switched easily, with no need 
to switch centres. 

Transferring information was already important in the Middle Ages—the 
era of information is not new—but telecommunications have pushed back 
the limits of the possible. Today, sounds, words, pictures and electronic 
data are transmitted at the speed of light: telecommunications have become 
the most dominant factor affecting commercial and social life. 


The Orbital Test Satellite (OTS) 


The European Space Agency became aware at an early stage that 
communications satellites have a very great potential, and ESA’s first 
experimental telecommunication satellite (OTS-2) was developed in the 1970s 
and put into orbit in May 1978. Although it had a planned life-time of only 
three years, OTS-2 continues to be operational and celebrated its twelfth 
anniversary in orbit in 1990. 

René Colette, Director of Telecommunications at ESA, has said that OTS 
was developed to provide in-orbit verification of the technology to be used 
on the European Communication Satellite (ECS) system and to provide the 
European PTT administrations with pre-operational satellite communications 
capacity. By developing a European regional system, the Agency aimed at 
helping European countries to achieve commercial success and to acquire 
a significant share of the world market in this field. 
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The first OTS (OTS-2) was launched on 11 May 1978 from Cape Canaveral 
by a Thor Delta rocket, replacing an identical satellite, OTS-1, which was 
destroyed in September 1977 when its American launcher exploded shortly 
after lift-off. It is a three-axis stabilized geostationary satellite, consisting of 
a service module and a communications module carrying the payload. 

At the beginning of its life in geostationary orbit OTS weighed 444ke 
including its provision of fuel. The spacecraft is 2.39m high, 2.13m 
long and spans 9.26 m with its solar arrays deployed. It was designed at 
ESA’s European Space Research and Technology Centre (ESTEC) in the 
Netherlands and built by a consortium of European companies led by British 
Aerospace. 

To take advantage of the capacity provided by the OTS satellite a number 
of Earth stations were set up throughout Europe. The first one was built 
by ESA in collaboration with Telespazio at Fucino in Italy. The spacecraft 
Control Centre at ESOC controls the satellite’s configuration and gathers 
information on its service functions via the Satellite Control and Test Earth 
Station (STSC) in Fucino. Constant liaison was also established with other 
Agency stations at Villafranca, Dublin and Stockholm. 

OTS successfully carried the hopes of Europeans anxious to improve the 
quality of their telecommunications and explore new technologies and 
techniques with worthwhile applications in the business world and in every- 
day life. It also carried out a series of tests and experiments on radio-wave 
transmission through the atmosphere, frequency re-use, etc. 


European communications satellites 
chatting at light speed 


As OTS was being tested, ESA was preparing to launch its successors, 
the European Communications Satellites (ECS). This series, of proven 
commercial interest and success, are operated by the European Tele- 
communications Satellites Organization, EUTELSAT, representing the 
European PTTs, which was set up in 1982 for the operation of a European 
regional satellite telecommunication system. 

The ECS satellites have a three-axis stabilized configuration based on OTS. 
All the communication antennae of the ECS-1 spacecraft are of the centre- 
fed type derived from the OTS programme. ECS-1, launched by Ariane in 
June 1983 could carry 12,000 telephone calls simultaneously. However ECS-2, 
which was launched on 4 August 1984, has a new type of antenna with a 
multi-service receive/transmit function, which is more powerful and has a 
larger capacity. ECS-3 failed to be put into orbit in September 1985 and 
ECS-4, launched in September 1987 has the same type of antenna as does 
ECS-5 (launched in July 1988), which replaces ECS-1. (ECS-1 has been 
transferred to another orbital position where it carries out new services and 
acts as an in-orbit spare.) 
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Telecommunication satellites developed by the European Space Agency 
have inspired other European derivatives: SKYNET 4 used by the British 
Forces, NATO 4, French Telecom, and the EUROSTAR family of satellites 
developed by Satcom International, an industrial consortium. 


Mobile communications for land and sea 


In December 1981 Ariane launched the first maritime communications 
satellite MARECS-A from Kourou in French Guiana. Three years later 
MARECS-B2 was also successfully launched by Ariane from Kourou. The 
two MARECS satellites are leased from ESA by INMARSAT, the 
International Maritime Satellite Organization. 

The MARECS satellites serve as operational satellites. MARECS-B2 
provides ships within the Atlantic Ocean region with a variety of commercial 
maritime telecommunications services including voice, teletype, facsimile 
and high-speed data, while MARECS-A covers the Pacific Ocean. Originally, 
MARECS.-A was located over the Atlantic and MARECS-B2 over the Pacific 
but the satellites were interchanged in 1986 to take advantage of the more 
powerful MARECS-B2. 

Mobile communications for land-based vehicles such as lorries, or even 
personal cars, are also being developed by ESA. Under a programme called 
PRODAT, the Agency had demonstrated the efficiency of small terminals 
mounted on land vehicles and aeroplanes, allowing a two-way data 
communications link between the vehicles and suitable ground stations. 

This technology can form the basis for an extensive land-mobile system 
within Europe. Not only could this bring immediate commercial benefits, 
but PRODAT could also foster a large export market for European industry 
to developing nations, where such communication services are sorely 
needed. 


Olympus, the future in advance 


With the exploitation of ECS and MARECS satellites safely in the hands of 
EUTELSAT and INMARSAT and this control now a routine function of 
ESOC, the Agency has turned its attention to the next generation of larger 
and more powerful satellites. 

Like its predecessor OTS, the Olympus satellite, launched in 1989, offers 
the potential to develop new services ahead of commercial exploitation. 

Olympus represents a new generation of spacecraft which will extend 
European know-how in a field which has far-reaching international 
repercussions, with world-wide networks for teleconference, and the use 
of satellite links for the retrieval and transfer of information. With its powerful 
direct broadcast beams, Olympus can broadcast direct to millions of home 
and office antennae. 
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Figure 40 Photo shows flight-unit of the ESA multipurpose telecommunications satellite 
Olympus. This spacecraft, which will predominantly be used for direct TV-transmission was 
launched in 1989. 


The continuing march of progress 


The telecommunication satellite programme of the European Space Agency 
continues in order to prepare for the missions of the future. Included in it are 
up to three experimental satellites which are scheduled for launch in the first 
half of the 1990s, and the development of data relay satellites which will become 
operational in the second half, supporting the in-orbit infrastructure. According 
to Ed Ashford, Head of the Communication Satellites Department at ESTEC the 
lessons learned in the development operations of OTS, ECS and MARECS have 
been invaluable in helping to shape the content of these future programmes. 
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Olympus: 
The Educational Spacebridge 


Scientists have long recognized the promise of satellites for communications, 
and today the concept of the global village envisioned by futurist Marshall 
McLuhan has become a reality. 

Throughout Europe for instance, meteorologists show the same 
METEOSAT pictures on television weather forecasts, and improved 
telecommunications have increased business and cultural links between 
countries. Communication satellites cope with tens of thousands of 
telephone calls and several television programmes simultaneously, 
transmitting messages and images at the speed of light across oceans and 
continents. 

However, within Europe, cne of the roles of communication satellites has 
also been to distribute entertainment TV and radio programmes. A few of 
these channels also carry news and weather information. Education is the 
third element in the traditional functions of broadcasting, but it seems to 
come a poor last after entertainment these days. 

The European Space Agency is changing this trend by the use of Olympus 
launched in 1989, the precursor of a new class of large communication 
satellites. It is the epriley s second experimental communication satellite 
following OTS. 

The origins of oie: first known as L-SAT, an acronym for Large 
Satellite, date back to 1979. Investigating the potential of the future market 
in telecommunications and the question of direct broadcasting satellites 
(DBS), broadcasting TV programmes direct to homes, the Agency found that 
a larger, more powerful satellite than those currently available would be 
required. Thus the Olympus programme started, intended to demonstrate 
new technologies and new types of communication systems from space. 

Olympu& carries four active payloads one of which is a beacon package 
for propagation research. Two telecommunications payloads will operate 
in the 14/12 GHz and 30/20 GHz frequency bands and their steerable 
antennae can connect them with all the countries visible from the 19° west 
longitude geostationary orbit position of Olympus. That means all of Europe, 
Africa, South and Central America as well as the eastern seaboard of the 
USA and Canada. The fourth payload is of course the DBS. The first 
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Figure 41 Olympus-1. Thermal model in the British Aerospace satellite assembly hall in 
Stevenage. 
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three payloads are used for a vast. range of experiments in Europe and 
Canada but here we will be looking only at the satellite’s use in distance 
learning. 

Eight countries participate in the Olympus programme: the UK, Italy, 
Canada, the Netherlands, Spain, Austria, Belgium and Denmark. The 
satellite launched by Ariane in 1989, is designed to have a lifetime of ten 
years. 


Open University via satellite 


The Olympus programme was conducted in close cooperation with the 
future user community. 

Advanced continuing education will greatly benefit from this new 
generation of DBS television. Olympus is powerful enough to beam TV 
directly to small roof-top antennae costing only a few hundred pounds. 

Distance learning rides high on the wave of the future. It was first 
pioneered by an American experimental satellite, ATS-6, known as Teacher 
in the Sky, which broadcast courses to students and delivered medical help 
to isolated regions of Alaska and the Northwest. The Teacher was then 
drifted eastward to within beaming range of India. There, 2400 villages were 
equipped with chicken-wire dishes so that each evening farmers who had 
never seen television before were able to watch programmes on agriculture, 
health and family planning. 

In Europe, the United Kingdom pioneered the concept of The Open 
University 20 years ago, supplying professionally qualified individuals with 
a choice of ‘after hours’ short courses, enabling them to acquire new 
diplomas, or simply to keep up with developments in their trade. Major 
British corporations such as British Gas and British Steel, took an active part 
in management education and on-site retraining, using advanced 
communication networks to upgrade skills on remote sites simultaneously 
via centrally controlled programming. Today about 12 European countries 
have followed suit and the Open University in the Netherlands, for instance, 
has about 30,000 students. 


Millions of potential users 


Distance leafning involves a wide range of currently available technologies 
and techniques distributing printed material such as journals and text books, 
software, either stored on a floppy disk or beamed via a data network, and 
audio and video, either as portable tapes and cassettes or directly broadcast 
by satellite. When distributing videos to 100 people, sending them by post. 
is the cheapest method, but for larger groups, say more than 300 people, 
sending videos by satellite is much cheaper. 
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In Europe there are about 300 million people corresponding to about 100 
million households. According to the European Commission we should look 
forward in the future, to being trained and retrained four times in our lives. To 
remain competitive, Europe must keep up with the USA and Japan, which 
both spend three to four times more money and effort on training people. 

There is a clear link between educational levels and economic 
performance — studies show that 15% of overall productivity growth in US 
and Japanese industry come from changes in the use of labour, 25% from 
capital investment and 60% from technological change. Thus there is a 
growing world-wide need to improve training systems and intensify their 
penetration of the private sector. 

In Singapore, for instance, the National Productivity Board found that the 
average spending by employers in Singapore on off-the-job training for their 
staff was at least seven times less than spending by firms in the USA and at 
least 20 times less than companies in Japan. The Board recommended the 
introduction of a pilot scheme of worker education programmes on television. 
In the next five years 500,000 workers in Singapore will take courses. 

However, few governments are investing much money in distance 
learning so that although the European Commission is promoting it, through 
programmes like Delta or Erasmus, the volume of these programmes remains 
small compared to the scale of the training required. However, technology 
is advancing very fast and industry needs to be better trained in these new 
technologies. 

Potentially a DBS satellite like Olympus could reach a majority of homes 
in Europe, beaming vocational courses and educative videos to millions of 
people in industry. Jon Chaplin of ESA’s Olympus project, has said that 
ESA is unique in having the only high-powered pan-European DBS satellite 
project as the other French, German and Scandinavian satellites cover only 
part of Europe. Olympus is able to deliver video programmes to very cheap 
receivers, direct to the home or workplace. 

The most promising prospects seem to be in corporate or industrial training 
where funding is likely to be most readily available. The use of satellite circuits . 
by European industry in this field is almost unknown at present. This is 
in contrast to North America where the National Technological University 
(NTU) is one of the most mature services in which distance-education makes 
use of satellites. The NTU has inspired the recently-launched PACE 
(Programme for Advanced Continuing Education in Europe) project 
sponsored by a group of large companies. It is expected that PACE will 
distribute its material via satellites operated by EUTELSAT or INTELSAT. 


Live brain operations and new hope to fight drugs? 


Although advanced satellite technology will soon be available, a large 
number of establishments throughout Europe lack the resources to 
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understand and exploit the new services. In 1986-1987 ESA proceeded to 
find out whether an umbrella organization outside the realm of ESA to help 
potential users of satellites was necessary and whether it could be set up. | 
The results of the study were most encouraging: a mailing sent to a sample 
of about a thousand organizations in over a dozen countries showed that | 
about 15% would be interested in working within the framework of such | 
an organization, using the Agency’s Olympus satellite to demonstrate and | 
develop distance learning; The ESA received about 70 applications involving 
about 200 different institutions. | 

In 1989 Eurostep, with headquarters in Leiden, Netherlands, was set up | 
to integrate the efforts of all the applicants. ! 

This is, however, only scratching the surface and the Agency has allocated | 
about 4000 hours per year of satellite time on Olympus to 35 or more different | 
groups of people for distance learning, i.e. five hours in the morning and 
five hours during the night. 

Distance learning can be open learning, in that users are able to study 
when and where they want: at work, during their lunch-hour, or at home 
in the evenings. The material beamed by the satellite can be down-loaded 
to video recorders at night and used at different times. 

There is a whole range of specialist subjects, for instance, a British | 
organization sends thousands of educational videos to doctors every month 
by post. Using Olympus the organization proposes to send videos on a 
European scale. Hundreds of teaching hospitals throughout Europe could 
watch live operations and phone back questions to the surgeons beside the 
operating table. 

The medical and health fields are vast, for instance large video conferences 
are already underway: recently hundreds of doctors in London, Ireland and 
New York took part in ‘Gastrolink’: British Telecom Services made possible 
an international medical forum, including live feeds from the operating 
theatre at London’s Royal Free Hospital. 

ESA has also had applications from a French organization that wants to 
use Olympus to warn teenagers against the dangers of drug abuse. 

Marc Bentabet of the Drugs Alcohol and Dialogue association stresses the 
importance of prevention. He has received 11 hours of Olympus time for 
the first year and is planning short video films on the problems of facing 
adult life. | 


Direct Broadcasting Satellite brings foreign languages and 
an insight on other identities 


_ Fern Universitat (FeU), the Distance Learning University of Germany plans 
to use Olympus to offer FeU students and the general public TV programmes 
in addition to the time slot made available at present by WDR Cologne on 
the Third Channel covering the state of Nordrhein-Westfalen, and to provide 
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educational programmes nationwide as well as in other German-speaking 
countries. 

Europeans are increasingly mobile: to keep them in touch with the home 
country Olympus carries cultural and information programmes such as 
Spain’s ‘MISCELLANEOUS: General News from Spain’ aimed at Spanish 
migrants, students, Spanish cultural centres and schools all over Europe. 
It aims at keeping these Spaniards well informed on the latest in cultural 
and social activities in Spain, thus strengthening their ties with the home 
country. | | 

Future generations will have an increasingly strong feeling of European 
identity: the Deputy Head of Acton School, in the suburbs of London, Tony 
Hewitt, applied to use Olympus for future ‘educational spacebridges’ that 
will link British and other European schools and was allocated 12 hours of 
the satellite’s time during its first year in operation. Previously, Hewitt had 
set up the first satellite video conference between British and American 
schools. Since then he has also set up the first satellite video conference 
between British and Soviet schools. 


Celts save the French language 


A Scottish organization called SAT-ECOSSE (Educational Channel Out of 
Scotland Servicing Europe) has set out to teach French at intermediate level 
in all European countries— working together with French and Scottish 
universities and institutes, SAT-ECOSSE has been allocated some time on 
Olympus to broadcast semi-scripted video courses aimed at first-year 
university students, school sixth formers and business learners in European 
institutions of higher education and in companies. SAT-ECOSSE will also 
prepare videos for the learner of English in a commercial environment 
throughout Europe. 
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‘Cosmos, a word of Greek origin, was first used to describe beauty and 
harmony. To the Greeks it also came to mean the observed universe regarded | 
as an orderly collection of stars and planets. On a clear, dark night, the sky, — 
to the naked eye, presents a dramatic sight: the Milky Way, a diffuse band | 
of light made up of millions of stars stretching across the celestial sphere. | 

As early as 120 Bc the Greek astronomer Hipparchus measured the lunar 
parallax, and hence the distance from the Earth to the Moon. Parallax is the | 
apparent displacement of a celestial object when seen from two widely 
displaced points—this is a very small angle measured in arc seconds that 
a baseline connecting the two points would subtend at the object. Knowing 
the parallax of a star enables astronomers to calculate the distance of that 
star from the Earth. 

Hipparchus, one of the greatest pioneers in this field, drew the first star 
map and by comparing this with observations made by his predecessors, he 
was able to establish that the Earth’s rotation axis slowly changes its direction 

_in space. His observations were based on measurements made with the 
naked eye, with a power of resolution limited to about one minute of arc. 

Two thousand years later, the European Space Agency has developed the 
first satellite devoted to the precise measurements of the positions, the 
motions and parallaxes of more than a hundred thousand stars. The 
European satellite named HIPPARCOS (High Precision Parallax Collecting 
Satellite) after the Greek astronomer has a power of resolution of about 
0.002 arc seconds, i.e. a resolution more than a thousand times higher than 
that of the naked eye. 

Certainly over the last hundred years, astrometry, that is the branch of 
astronomy which deals with the precise measurements of positions and 
movements of celestial bodies, has advanced due to the improvements made 
in ground-based telescopes. However, the very large telescopes that are 
being built today will have a limited power of resolution because they 
suffer from the effects of atmospheric turbulence. Comparing data obtained 
from observatories around the world shows systematic differences due to 
the variations in refraction which cannot be studied accurately, and thus 
be taken into account. Since the 1960s astronomers have realized that the 
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Figure 43 HIPPARCOS. 


only way to progress in astrometry is to go beyond the atmosphere into 
space. The first proposal for a space astrometry mission was submitted in 
1966 by a Frenchman, Professor Pierre Lacroute, working at the Strasbourg 
Observatory. Now that proposition is being fulfilled. HIPPARCOS was 
launched on 8 August 1989 from Kourou, on an Ariane-4. 

Dr Michael Perryman, ESA’s project scientist for HIPPARCOS has 
explained: “The effects we are looking for are really extremely small. And 
we can really still only measure with a certain precision the distances of the 
stars nearest us. While progress is still being made from the ground, the 
Earth’s atmosphere presents a formidable barrier to astrometrists. Placing 
a satellite above the atmosphere removes this problem and also allows 
scientists to exploit a carefully controlled thermal environment, beyond the 
Earth’s gravitational field which causes instrumental deformations on any 
telescope on the ground. From space, the satellite is able to view the whole 
sky, something which is impossible for a ground-based telescope’. 


Star gazing in a spin 


Data collected by HIPPARCOS is transmitted immediately to Earth as it is 
impossible to be stored on board. 

There, 24,000 bits of data per second are recorded, and every single bit 
is part of a giant puzzle that yields its share of information and must be 
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Figure 45 Phase determination of HIPPARCOS. 


processed with the same care so that each element contributes to the final 
solution. Because of the importance and extraordinary complexity of this 
task, ESA has appointed two scientific consortia to process the data. They 
are working in parallel so that there is a full and independent cross-check 
of the two-star catalogue. 
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Figure 46b The scientific consortia of HIPPARCOS. 


Stars get their “Who's Who’ 


By 1993 Scientists will have two complete star inventories: the HIPPARCOS 
and TYCHO Catalogues: 1000 billion bits of satellite information recorded 
on magnetic tape and processed will be combined to make the HIPPARCOS 
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Figure 47 Parallax measurements of HIPPARCOS. 


Catalogue, a compilation of 100,000 stars uniformly distributed over the 
celestial sphere. White dwarfs, red giants like Betelgeuse and Antares, or 
Mira (Latin for wonderful), a star in the constellation of Cetus that sometimes 
vanishes from sight and is sometimes as bright as the polar star, will be listed 
in the HIPPARCOS Catalogue. The positions, parallaxes and annual proper 
motions of each star will be recorded with an accuracy of about 2 milliseconds 
of arc. 

The TYCHO Catalogue will give the positions of some 400,000 stars with 
less accuracy but with detailed two-colour photometric information for each 
star. 

Dr Hamid Hassan, Project Manager for HIPPARCOS, pointed out that 
the catalogue will be used for decades by astronomers to increase our 
knowledge of the universe and provide living proof of the value of European 
cooperation in space for future generations. 


The phoenix of astrometry 


The first modern mission of astrometry, the science of measuring the 
positions and motions of celestial bodies was nearly given up for lost when 
HIPPARCOS was stranded in a highly elliptical orbit after its launch from 
French Guiana. 

Almost a year following the failure of the apogee boost motor which was 
to have lifted HIPPARCOS into a geosynchronous orbit, the satellite was 
producing spectacular results and experts believe that the original mission, 
measuring 120,000 stars with an accuracy 20 times better than from the 
ground, can still be achieved. 
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Shortly after the failure, an emergency meeting was held at ESOC, ESA’s 
Space Operations Control Centre in Darmstadt, Germany, to set up a revised 
mission. The frantic work and sleepless nights which followed paid off: 
HIPPARCOS was saved. The first problem was to receive data from 
HIPPARCOS. Had the satellite remained hovering above Darmstadt, all the 
high speed data could have been continuously beamed down to the nearby 
tracking station, Odenwald, but as this was not the case, engineers were 
sent to ESA’s tracking station in Perth, Australia to prepare antennae; next 
Kourou, in French Guiana was equipped to receive the high speed data; 
and finally a fourth station, Goldstone, a NASA tracking station in the 
Mohave desert, California, became part of the HIPPARCOS tracking 
network, together bringing the data coverage to 90% with valid data 
acquisition for approximately 70% of the time. 

The second problem was due to the Van Allen radiation belts: instead of 
circling 36,000 km above the Earth, HIPPARCOS moves through an elliptical 
orbit that takes it anywhere from 500 km to 36,000 km above the Earth. 

The big question mark was, could the solar panels survive? Every ten hours 
the satellite crosses the Van Allen belts 500 km above the Equator and the 
solar cells are bombarded with swarms of harmful protons and electrons. 
The original mission should have lasted two-and-a-half years and experts 
feared that degradation from the solar panels would considerably shorten 
the life of HIPPARCOS. Project Scientist, Dr Michael Perryman, believes 
that in retrospect this was overly pessimistic but it was not possible to foresee 
that the margins of security would allow the mission to pull through. 

HIPPARCOS underwent a crucial test in February and March 1990 at the 
time of the very long solar eclipse, during which the satellite remained in 
the shadow of the Earth for periods of up to two hours. The solar panels 
were deprived of light for much longer than would have been the case in 
a circular orbit. Experts feared they would have to shut down elements of 
the payload so that the power drain on the batteries would not be excessive. 
The power margins on the spacecraft were such that HIPPARCOS passed 
the maximum eclipse with a margin of barely five minutes, allowing the 
scientific measurements to proceed without interruption. ‘HIPPARCOS, like 
a phoenix, is rising from its ashes’ says the Project Manager, Dr Hamid 
Hassan. | | 

In fact from 26 November 1989, when HIPPARCOS started mapping the 
heavens, to the end of May 1990, scientists have collected some 300 gigabits 
of data covering some two million stellar observations of the selected 120,000 
stars, including numerous minor planets, such as Uranus, Neptune, Titan 
and Europa. 

A quasar, one of these distant and mysterious beacons of energy was 
added to the observing programme because the instruments worked so well, 
and Quasar 3C 273 was observed for the first time on 4 July 1990. 

HIPPARCOS spins slowly into space around its axis describing a full circle 
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Figure 48 HIPPARCOS—the revised orbit. 


every two hours, sampling five or six stars at once and beaming down 24,000 
bits of data per second. Every day 10,000 stars are observed, which amounts 
to two gigabits. 

Two consortia of European scientists are teaming up to process the gigabits 
of information beamed down to the ground stations in the biggest reduction 
data processing ever undertaken in astronomy. It is a highly complex task 
involving endless checks and counter-checks. They have started to cross 
check with ground catalogues. The measuring accuracy with ground based 
telescopes rarely exceeds one arc second. Already, an accuracy of several 
milli-arc seconds has been achieved and eventually stars will be measured 
with an unprecedented accuracy of 2 milli-arc second, a resolution more than 
ten thousand times higher than that of the naked-eye. It will take another 
year to measure the parallaxes of the 120,000 chosen stars, and another year 
and a half to measure their proper motions. 

The data obtained from HIPPARCOS will enable scientists to make new 
discoveries about our solar system and our galaxy, about how stars evolve 
and move throughout their lives. HIPPARCOS will be a milestone in our 
understanding of the very structure and evolution of our galaxy and an 
invaluable legacy to future generations of astronomers. 
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The Hubble Space Telescope — 
Looking Forward to Looking Back 


‘If the doors of perception were cleansed everything would appear to man 
as it is, infinite’. 


The English poet William Blake shows remarkable insight, not to say 
foresight, when he reflects in The Marriage of Heaven and Hell on what lies 
beyond man’s immediate ability to perceive. 

To cleanse the doors of perception one must go ‘above and beyond’. Even 
from the highest mountain peaks, ground-based astronomical telescopes 
suffer from major disadvantages caused by the Earth’s atmosphere. Ever 
since spaceflight became a reality, astronomers have dreamed about escaping 
this frustrating restriction. 

The multipurpose joint American-European Hubble Space Telescope 
(HST), launched from Cape Canaveral in 1990, will sharpen our eyes. Soaring 
above our planet to ‘see’ much deeper into the Universe, observing stars 
and galaxies fifty times fainter than have even been detected before, the HST 
will also look back some fifteen billion years in time. 

Because of the time light takes to travel, looking further out into Space 
also means looking further back into the past. Acting like a time machine, 
the HST will reveal the Universe in different stages of its evolution, back 
to its very origins. By studying far distant quasars, these mysterious sources 
of energy thought to be the oldest visible cosmic objects, the HST may also 
hold the key to our knowledge of the distant future and help predict the 
fate of our Universe. As T. S. Eliot wrote, ‘Time present and time past are 
both perhaps present in time future, and time future contained in time past’. 


Who was Edwin P. Hubble? 


One of tfie great pioneers of modern astronomy, the American scientist 
Edwin Powell Hubble (1889-1953), began his career with a law degree and 
served in World War I. However, after practising law for one year, he decided 
to ‘chuck law for astronomy, and I knew that even if I were second rate 
or third rate it was astronomy that mattered’. 

He completed a PhD thesis: ‘Photographic Investigation of Faint Nebulae’ 
at the University of Chicago and then continued his work at Mount Wilson 
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Figure 49 Cutaway view of the Hubble Space Telescope, showing both the telescope and 
its scientific instruments. (Drawing: NASA.) 


Observatory studying the faint patches of luminous ‘fog’ or nebulae on the 
night sky. 

Using the largest telescope of its day, a 2.5m reflector, he studied 
Andromeda and a number of other nebulae and proved that there were other 
star systems (galaxies) similar to our own Milky Way. He devised the 
classification scheme for galaxies which is still in use today and obtained 
extensive evidence that the laws of physics outside the galaxy are the same 
as on Earth—in his own words: ‘Verifying the principle of the uniformity 
of Nature’. 

In 1929 Hubble analysed the speeds of recession of a number of galaxies 
and showed that the speed at which a galaxy moves away from us is 
proportional to its distance (Hubble’s Law). This discovery of the expanding 
Universe marked the birth of the Big Bang theory of the Universe and is 
one of the greatest triumphs of 20th century astronomy. 











Figure 50 Artist's impression of the Hubble Space Telescope, a joint NASA/ESA project 
to which ESA contributes the Faint Object Camera and the Solar Array system. (Artist's 
impression: Lockheed.) 


A joint NASA-ESA project 


The HST is a Cassegrain system with a 2.4 m diameter primary mirror. Though 
most of the HST was built by American companies, the two solar panels and 
one of the five scientific instruments on-board (the Faint Object Camera) have 
been built by European industry under the aegis of the European Space 
Agency, who contributed 15% of the cost. The four other instruments are: 

—a wide field/planetary camera for taking high resolution photographs 

of distant planets, comets, stars, galaxies and quasars; 

—a faint object spectrograph and a high resolution spectrograph for 

analysing the light from these celestial objects; 

—a high speed photometer for accurately measuring the intensity and 

variations of the light received. 

The five instruments to detect and analyse the light are housed at the focus 
behind the main mirror. The two cameras electronically scan regions of the 
sky. The wide field/planetary camera ‘sees’ relatively large fields of view 
and photographs many objects at once. 
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Figure 51 The assembled Hubble Space Telescope (HST) undergoing final testing in the United 
States. (Photo: Lockheed.) 
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Earth stations receive data transmitted from the instruments via NASA's 
orbiting Tracking Data and Relay Satellites (TDRS). 

The HST is placed in a low Earth orbit, 500 km from the Earth, with an 
inclination of 28.5 degrees. 


Peering deeper into space 


Although the HST primary mirror is smaller than those of many Earth based 
telescopes—the 5m Hale Telescope on Mount Palomar and the 
6m telescope at the Crimean Observatory in the USSR have mirrors 
more than twice its size—the Hubble Space Telescope can see ten times 
deeper into space, allowing astronomers to view to the edge of the visible 
Universe. This is because light gathered from the orbiting telescope mirror 
produces a much sharper and brighter image enabling HST to see fainter 
objects further away. A bigger HST mirror would increase that distance, 
but the launch cost would be prohibitive. Light from the most distant 
objects detectable with HST takes between 10 and 20 billion years to reach 
us so the pictures sent from space should tell us more about the early history 
of the Universe. 

However, shortly after the launch it was discovered that there was a 
flaw in the primary mirror. This flaw should be adjusted in 1993. Until 
then, the FOC working in the ultraviolet spectrum will relay very valuable 
data. 

A reflecting telescope with a perfectly made 2.4m diameter mirror 
should be able to achieve very high resolution, i.e. to distinguish between 
closely separated objects such as in a cluster of stars. The better the 
resolving power of a telescope, the greater the detail in the final image. 
But optical telescopes on the ground cannot operate at their maximum 
resolving power because the Earth’s atmosphere distorts the light passing 
through it. However, Dr Peter Jakobsen, ESA’s Project Scientist for the 
HST has explained that the HST in orbit above the Earth’s atmosphere 
is free from this distorting effect and will be able to work much closer 
to its theoretical resolving power. We expect that HST images will show 
ten times more detail than ground-based images when the mirror has been 
adjusted. 

The HST is pointed extremely accurately at celestial objects using an 
attitude control system capable of keeping the mirror on target to within 
0.007 arcseconds. This is equivalent to keeping the telescope pointed at a 
large coin in Paris from Birmingham more than 700 km away! 

Because the HST is not affected by the blurring caused by the Earth’s 
atmosphere it will be able to search for black holes in quasars and galaxies 
and search for evidence of planets around stars which are 30 times fainter 
than those visible from the Earth’s surface. 
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Designing for life in space: 


Power for the instruments and control systems of the HST has come from 
ESA’s solar arrays which supply a total of 4.4 kW at 34V. The two solar panels 
made by British Aerospace contain a total of 48,760 individual silicon cells 
each 20x40 mm in size spread over two 3x 12.5 m ‘wings’. 

The solar cells carried by satellites need to be lightweight, compact and 
long-lasting — light, because launch costs increase with the weight of the 
payload so that every gram counts; compact, because small arrays reduce 
the drag factor of the satellite and thus the lifetime of the orbit; long-lasting, 
because the longer the cells work, the longer the lifetime of the satellite. 

Space is a very harsh environment in which the temperature of the solar 
cells fluctuate between + 100 and — 200° Celsius as the Space Telescope moves 
from sunlight to shadow every 90 minutes in its orbit around Earth. Other 
hazards in space are bombardments by particles from the Earth’s radiation 
belts, solar ultraviolet radiation, space debris and tiny meteorites travelling 
at speeds up to 30km per second. 

A British firm, Pilkington Space Technology, developed a lightweight glass 
cover to protect solar cells from radiation and micrometeorites. This 
protective cover prolongs the life of the silicon cells on the HST solar arrays. 
These covers are made with cerium to stabilize the glass so that it does not 
blacken under the impact of photon bombardment. This ensures that the 
transmission of light to the cells remains the same throughout the life of 
the Space Telescope. Furthermore, this protective cover is made of glass 
thinner than human hair so that it does not add to the bulk or weight of 
the payload. 

The lifetime of the ESA-supplied solar arrays for the Hubble Space 
Telescope has been demonstrated to be greater than five years through an 
extensive testing programme. However, since the lifetime of the Space 
Telescope mission is expected to be 15 years or more, the solar arrays will 
eventually have to be replaced in orbit. For this reason the solar arrays have © 
been designed to be easily replaced in space by an astronaut. Astronauts 
have practised this operation during so-called ‘neutral buoyancy tests’ 


<< Figure 54 (opposite) These two pictures serve to illustrate the dramatic tenfold increase 
in image quglity attainable with the Hubble Space Telescope. The upper picture shows how 
a hypothetical, very- distant globular star cluster appears to a ground-based telescope. The 
lower picture shows how the same star cluster will appear when viewed with the Hubble Space 
Telescope. The lower picture is in fact an image of the globular cluster M15 (which is located 
in the constellation Pegasus) obtained with an engineering model of the detector of the Faint 
Object Camera used on the 1.8 m telescope of the Asiago Observatory. This image was then 
computer-processed to produce the upper figure. Globular clusters such as M15, which are 
believed to be among the oldest objects in the galaxy, will be extensively studied with the 
Space Telescope. 
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in which mock-ups of the Space Telescope and the solar arrays are 
submersed in a large swimming pool and handled under water in order to 
simulate the weightless conditions of space. 


Capturing faint starlight 


The ESA’s Faint Object Camera, which has been built by a European 
industrial consortium consisting of British Aerospace, Dornier of Germany 
and Matra of France, uses an image intensifier tube to make faint optical 
images brighter. It is made up of two separate and entirely independent 
cameras each with a vidicon television tube and an image intensifier. One 
camera magnifies the HST image by a factor of two and also includes a 
spectrograph, the second camera works at a magnification of four but can 
also work at the higher magnification of 12. 

The image intensifier system operates in the 115-650 mm wavelength 
range. Weak light from a celestial source is focused on a light sensitive 
cathode. Each photon, that is the smallest quantum of light energy, is 
converted into a million electrons which in turn are accelerated and focused 
by magnetic and electric fields to fall on a phosphor screen where they create 
a small circle of light. These minute flashes are recorded by a television 
camera at the back end of an electronic tube, and they are fed to a micro- 
processor which records and memorizes the location of each spot. The full 
image of the faint light captured in front of the instrument will be gradually 
built up by the electronic memory from 250,000 picture elements. 


A long-lived observatory 


The orbiting observatory has a planned lifetime of 15 years. Almost all the 


major systems have been designed for on-orbit repair or replacement by 
astronauts. The Space Shuttle is expected to visit the HST approximately 
every five years. Indeed the solar panels are expected to have a lifetime of 
about five years and several other spacecraft components, such as the 
batteries, reaction wheels and gyroscopes may fail during the satellite’s long 
_ life. The Space Shuttle will also make it possible to change or update the 
instruments on board as they become obsolete. 

Robin Laurance, ESA Hubble Space Telescope Project Manager explains 
that the HST is the first of a new breed of spacecraft designed for in-orbit 
maintenance to provide astronomers with a long-lived and updatable 
observatory. 


For the user, a magnetic tape 


The dramatic improvement Over existing observatories means that the 
services of the HST will be in great demand among astronomers throughout 
the world. Already, observation time on the HST is heavily oversubscribed. 
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During the first 12 months, 11,000 hours of observing time were requested, 
with only 1200 hours available. The average length of time allocated for 
observing is ten hours. A panel of international scientists selected 162 
proposals out of 556 submitted by astronomers from 30 countries, and 20% 
of these proposals came from ESA Member States. 

The Space Telescope Science Institute in Baltimore, USA, will allocate time 
on the telescope and schedule the various observations. | 

While astronomers from all over the world will be able to go and spend 
several weeks at the Space Telescope Science Institute, they can also stay 
at home and send in their proposals. Providing these are accepted, when 
the observations are completed, they will be sent a magnetic tape containing 
their data. Whether the tape is mailed or handed over in Baltimore, the 
astronomer must analyse the data and get his study published within one 
year, since after that time the information falls into the public domain. Since 
the Space Telescope will nearly always operate in an autonomous preplanned 
fashion, astronomers will not necessarily have to travel to Baltimore. In fact 
most may choose to stay at home. 

Europe’s centre for coordinating observations from the Space Telescope 
is at the Headquarters of the European Southern Observatory at Garching, 
Germany. At Garching, Space Telescope staff are responsible for 
coordinating some of the software systems developed to analyse data. Space 
Telescope European Coordinators will also maintain an up-to-date archive 
of all HST data. As they fall into the public domain, these data will be made 
available to astronomers. 


The first ever high resolution images in the ultraviolet 


The ESA’s Faint Object Camera produces images which will exploit the 
maximum resolving and light-gathering power of the telescope’s optics. It 
images stars in ultraviolet light at high resolution and this has never been 
done before. The camera uses a television tube arrangement to count 
individual photons (the smallest quantum of light energy) and reject 
background noise. Some exposures may take as long as ten hours to produce 
an image of a very faint object. The instruments register individual photons 
of starlight, revealing faint sources that have never been detected before, 
and show an unprecedented level of detail in otherwise familiar astronomical 
objects. A wide choice of filters, prisms and polarizers make the Faint Object 
Camera eVen more versatile. 

The Hubble Space Telescope does far more than take spectacular pictures: 
several of the instruments on board are spectrographs that separate light 
from celestial objects into its constituent wavelengths, in the same way that 
a prism can be used to resolve white sunlight into a rainbow spectrum. The 
exact mixture and balance of wavelengths in the light from a distant object, 
say a quasar, will reveal a wealth of information about the chemical 
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composition, temperature, distance and even motion and velocity of the 
object in question. 


Ultraviolet, the FM band of astronomy 


The study of celestial objects in the ultraviolet region of the spectrum (at 
wavelengths between 90 and 330 nanometres) is of particular interest to 
astronomers because the UV region contains most of the so-called atomic 
transitions of the common elements. 

The various spectrographs will further push back the limits of the 
unknown. They all respond to wavelengths down to 115 nanometres, well 
into the ultraviolet. Although the results from the spectrographs may not 
look as impressive to the layman as pictures from the cameras, the 
information they provide has enormous scientific significance. Indeed 
ultraviolet observations reveal what is hidden from the visible region of the 
spectrum. Peter Jakobsen, ESA Hubble Space Telescope Project Scientist 
has confirmed that the Ultraviolet is like the FM band of astronomy, because 
it provides very detailed information of very high quality. 


Cosmic fingerprints 


The strongest spectral lines of the commonest atoms and ions can only be 
seen in the ultraviolet. Each chemical element is only capable of absorbing 
and emitting light at specific wavelengths and each has its own characteristic 
signature, as revealing as a fingerprint. So by identifying these various 


‘signatures in the ultraviolet spectra of celestial objects astronomers can 


determine the chemical composition, temperature and physical properties 
of planets, stars and galaxies. Ground-based optical telescopes can never 
be made to work in the important ultraviolet spectral region because 
ultraviolet light is absorbed by the atmosphere. Thus space telescopes such 
as the HST will complement the next generation of large ground-based 
telescopes. | 

As ultraviolet waves are strongly absorbed by the Earth’s atmosphere, 
ultraviolet astronomy can only take place in space. The ESA/NASA/SERC 
(Science Engineering Research Council, UK) International Ultraviolet 
Explorer, IUE satellite has already provided a wealth of data about many 
cosmic objects over the past ten years and it is still being used daily to study 
a broad range of astrophysical topics. However, the ultraviolet spectrographs 
on board the Space Telescope are considerably more sensitive than IUE, 
primarily because the HST has a much larger mirror. 

The study of intergalactic clouds using quasars as background ‘light bulbs’ 
is among the most intriguing observations that are possible with the Space 
Telescope. Seeing in the ultraviolet, the faint object spectrograph should 
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be able to study the mixture of gases they contain. Both their velocity and 
composition are crucial to the understanding of the dynamics of the 
Universe. The Big Bang theory predicts that only hydrogen and helium 
would have to be present in the early Universe. Helium along with hydrogen 
is not primarily a product of the nuclear ‘burning’ process in stars by which 
all heavier elements are formed, but is, according to that theory, a product 
of the Big Bang itself. | 
Because of their enormous distance from Earth, the lines of sight to quasars 
can be used as probes to detect the presence of intervening material in the 
distant Universe. Scientists are particularly interested in the clouds which 
intervene along the sight line to quasars. They reveal themselves as absorption 
features in the spectrum of the distant quasars. Otherwise these clouds are 
invisible. Some of these clouds show traces of heavy elements, such as carbon, 
nitrogen or oxygen and therefore must have participated in star formation. 
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Figure 55 The spectrum of a distant quasar (left side of spectrum) as it will be seen by the 
joint NASA/ESA project Hubble Space Telescope through an intergalactic gas cloud which 
produces the absorption lines on the quasar’s own emission spectrum. 
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Figure 56 Portion of the large magellanic cloud showing Supernova 1987A whose evolution 
will be extensively monitored with Hubble Space Telescope in the coming years. 
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By determining the heavy element content of these clouds at various 
distances from Earth and hence at various stages in time, astronomers hope 
to map the history of nuclear synthesis. Of special interest to astrophysicists 
is a second class of clouds that show no traces of heavy elements beyond 
hydrogen. These clouds are believed to consist of primeval material which 
has not yet participated in star formation. Astronomers hope that the HST 
in the ultraviolet will enable the helium content of these primeval clouds 
to be revealed. Detection of this helium will be a key consistency check on 
the Big Bang theory, but studying helium absorption in great detail will also 
yield unique information on the physical conditions in these clouds and 
hence in the early Universe. 


HST will also look closer to home 


Paradoxically, astronomers know more about these intergalactic clouds in 
the very distant Universe than they do about what is happening closer to 
us in time and space. The expansion of the Universe shifts the spectra of 
objects receding from us towards the red, because of the Doppler effect. 

In the most distant quasars this red shift is so enormous that astronomers 
can view parts of the ultraviolet spectrum from the ground. However, in 
order to carry out matching observations closer to home (and hence in more 
recent times) where the red shift is much smaller, astronomers need direct 
access to the ultraviolet and this can only be achieved from space. 

One important long-term goal of the Space Telescope is to determine the 
fate of these clouds of primeval gas that we know existed in the very distant 
past. We do not know whether they are still around today, or whether they 
have all evaporated or coalesced into galaxies. 

By studying the fingerprints of galaxy formation in the form of chemical 
elements being gradually built up by stars a billion years only after the Big 
Bang, the Space Telescope holds the key to many unsolved problems in 
astronomy today. 

The Hubble Space Telescope will, to a great extent, cleanse the doors 
of perception, allowing us to see up to the very edge of the Universe. 
Professor Roger Bonnet, ESA’s Director of Science, has pointed out that we 
can anticipate some of the results that the new capability will bring, but 
we can also expect the unexpected: indeed some of the most exciting 
discoveries we will make cannot be predicted. 
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Ulysses: 
A Voyage to the Unknown 





In the 26th Canto of the Inferno Dante describes the last voyage of the Greek 
hero Ulysses beyond Gibraltar, a region at that time completely unknown 
and unexplored. As described by Dante it is a ‘mondo senza gente’, an 
uninhabited world beyond the Sun where there are no planets, no possibility 
of life, no familiar features. According to the legend, Ulysses’ crew mutinied 
out of fear and he exhorted them to courage: 


‘Brothers said I, that have come valiantly 
Through hundred thousand jeopardies undergone 
To reach the West, you will not now deny 


To this last little vigil left to run 
Of feeling life, the new experience 
Of the uninhabited world behind the Sun. 


- Think of your breed; for brutish ignorance 
Your mettle was not made; you were made men, 
To follow after knowledge and excellence.’ 


This mediaeval epic is highly representative of the tremendous drive to 
explore unknown regions and expand their knowledge in all the fields of 
science that motivated Europeans in the Middle Ages and then the 
_ Renaissance. That spirit is still alive today. 

Indeed, Ulysses, which will be the first spacecraft to fly over the poles 
of the Sun, was so named in 1984 following a proposal by Professor Bruno 
Bertotti of the University of Pavia, Italy. 

Ulysses, launched in October 1990, will be the second ESA spacecraft 
after Giotto to venture deep into the solar system. The probe is the remaining 
half of what was previously known as the International Solar Polar Mission. 
In 1981 the American space agency, NASA, in the midst of financial 
difficulties was forced to cancel its half of what was originally intended to 
be a two-spacecraft mission. The two spacecraft were to be launched in 
February 1983 by the US Space Shuttle, with one proceeding 
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over the north solar pole while the second proceeded simultaneously over 
the south solar pole. 

This would have allowed them to transmit information about the state 
of the solar poles and their possible effects on solar wind and the heliospheric 
magnetic fields at the same time. With one spacecraft only there will be a 
gap of one year between the information about the south solar pole and 
the north solar pole—in that span of time conditions may well have changed. 

However, the mission today remains a joint ESA/NASA venture. The 
spacecraft is European, it was launched by the Shuttle and the nine 
experiments on board are about 50%/50% European/American. NASA is also 
providing the RTG (Radioisotopic Thermoelectric Generator) and use of the 
Deep Space Network. 

Ulysses Project Manager Derek Eaton remains enthusiastic: ‘Despite all 
the disappointments and frustrations from the delays and cancellations over 
the last 12 years I remain extremely enthusiastic about Ulysses. This is 
because we are doing something completely new and something on which 
future generations of spacecraft will be built. No programme, American, 
Russian, Chinese or European has produced or is planning anything even 
remotely like the Ulysses programme. However, just as in other spheres, 
I anr convinced that this first exploratory journey will be followed by other, 
more specialized probes to solve the new scientific questions which Ulysses 
will raise’. 


Sunlight drives the Earth’s weather systems 


There is no body in heaven as important to us as the Sun—even a tiny 
change in its health could cause an ice age or could melt the ice caps, flooding 
the coasts of the world. Certainly variations in solar cycles have had an 
impact on the radical climate changes seen in the past. 

However, it is very difficult to get close to the Sun to study it. The Ancient 
Greeks knew this, when they described the unsuccessful attempt of 
Icarus to fly to the Sun. The wax binding the wings to his body melted 
and he tumbled back to Earth and drowned. Indeed modern scientists 
have also found that electronic systems break down when they become very 
hot. 

The two HELIOS spacecraft built by West Germany got closer to the Sun 
than any others before them. Launched in 1974 and 1976 they got to within 
two-thirds of the way to the Sun, approaching at a distance of 50 million km, 
and returned data successfully. 

But there is one region we still have not been able to explore, the region 
over the poles of the Sun which we can not see clearly from our planet 
because of the hot, turbulent solar atmosphere and because of our vantage 
point from Earth. 
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A long and perilous voyage 


We do, however, have indirect evidence from the behaviour of the solar 
wind (i.e. the extension of the solar atmosphere into interplanetary space, 
a flow of charged particles, protons and electrons) that both the solar wind 
and the solar atmosphere are different at higher latitudes so it is necessary 
to fly over the Sun and look down to observe what is happening on these 
‘arctic’ (though still extremely hot) areas. 

Ulysses’ voyage to these mysterious and distant regions will be long and 
perilous. An enormous amount of energy is required to propel a spacecraft 
out of the plane of the ecliptic (the plane containing the Earth and other 
planets orbiting around the Sun) and over the solar poles. Scientists came 
up with a very ingenious idea: to launch the spacecraft away from the the 
Sun, towards Jupiter. Because Jupiter is the most massive planet its 
gravitational force is enormous. 

The spacecraft will thus travel on a remarkable and paradoxical trajectory 
all the way to the largest planet in the solar system, using its enormous 
gravity like a sling-shot to swing back above the southern pole of the Sun 
over which it will fly at an altitude of about 300 million km. 

The path of any form of matter or light will bend as it passes through the 
gravitational field of a massive object. Planning a trajectory that passes close 
to a planet enables spacecraft to reach regions otherwise unattainable. In 
fact Ulysses will gain energy at the expense of the gravitational and orbital 
energy of Jupiter, which therefore will imperceptibly slow down during the 
fly-by. 

The voyage to Jupiter will take about 16 months, and two-and-a-half years 
after the Jupiter fly-by it will pass over the southern pole of the Sun. A year 
later it will reach the northern polar regions. The whole voyage will take 
close to five years. 

Scientific measurements will be continuous from launch, including during 
the Jupiter encounter, but the highlights of the mission will take place when 
Ulysses is actually flying over the solar poles. 


The fastest man-made vehicle in the Universe 


Travelling to Jupiter, which is about 780 million km from the Sun, requires 
a spacecraft to be designed quite differently from satellites operating around 
the Earth. Indeed, at that distance, the intensity of solar radiation is so weak 
that photo cells would never provide enough power. Jupiter is five times 
as far from the Sun as we are and receives only 1/25 the radiation we do. 
Furthermore the solar cells would also give out more quickly because of the 
harsh radiation environment at Jupiter. On Ulysses a Radioisotope Thermo- 
electric Generator (RTG) powers all the scientific instruments and all the 
spacecraft subsystems, such as data handling. 
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Figure 58 Artist’s impression of the Ulysses trajectory. The Jupiter flyby is shown in the 
foreground. 


Because the isotopes decay all the time, providing about 280 W of electrical 
power during the spacecraft’s five-year life, the RTG will be generating 
4500W of heat. This explains why Ulysses needs a very complex thermal 
system: at the beginning of the mission, while near the Earth, the generator’s 
heat will be added to solar heat and the combination of both would be far 
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too much for the spacecraft components to withstand, so at first the thermai 
control system will dump the extra heat. 

Not only does the RTG heat dissipation have to be dealt with, but the 
hydrazine fuel for the Attitude and Orbit Control System must be kept above 
5 °C while many of the payload’s delicate sensors would be damaged if not 
kept below 30 °C. All these requirements must be mét throughout the long 
voyage, from Earth to Jupiter and beyond. 

The spacecraft is spin-stabilized and its high-gain antenna is kept pointing 
towards the Earth by adjusting the attitude approximately every second day 
throughout the five-year mission. A ‘watchdog’ system will ensure that the 
spacecraft points towards the Earth automatically, so that contact is not lost. 

Ulysses is the fastest man-made object in the Universe with an escape 
velocity of 11.4km per second. When Ulysses is furthest from the Earth it 
will be 950 million km from our planet and it will take almost an hour for 
the signals to travel from Ulysses to Earth, or for commands to reach the 
spacecraft. 

These signals carrying the scientific information will be sent to Earth using 
a transmitter of 20 W only—less than a low-power light bulb—and a 1.6m 
diameter parabolic antenna. 

The large dish antennas of NASA’s Deep Space Network distributed across 
the globe will receive these faint signals and transmit the data to the Ulysses 
Control Centre, jointly operated by ESA and by the Jet Propulsion Laboratory 
located in Pasadena, California. 


_ A giant plasma laboratory 


Up to now all spacecraft have remained within a small angle of the ecliptic 
plane and consequently our view has been very restricted. Our present 
understanding of the Sun could be compared to trying to make a map of 
the Earth by flying an airplane around the equator. Ulysses will for the first 
time ‘see’ the Sun from all latitudes, including the poles. 

The solar cycles which have a significant impact on our planet's climate 
are orchestrated by the magnetic field, these lines of force which are stretched 
and twisted by the Sun’s rotation and its rumbling interior. 

The Sun’s magnetic field lines are generated by the powerful currents of 
electricity flowing in the interior of the Sun, which rotates every 27 days. 
Every point on the Sun’s surface sweeps out a circle about the axis, and 
the points fhat sweep out large circles move at faster speeds. The largest 
circle is at the plane of the ecliptic: a point on the Sun’s equator moves, 
at a speed of 7260 km per hour or 2km per second. Near the plane of the 
ecliptic these magnetic field lines co-rotate with the Sun, taking on the 
appearance of a water stream tossed out by a garden sprinkler. 

However, above the poles the magnetic field lines extend radially outwards 
from the Sun because these regions are not affected by the Sun’s rotation. 
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Figure 59 The Ulysses trajectory viewed from 15 ° above the ecliptic plane. The shaded 
segments show regions in which the heliographic latitude of the spacecraft exceeds 70 °. Crosses 
are plotted at 100-day intervals. 


Because of these differences in the Sun’s magnetic field at the ecliptic plane 
and at the poles, scientists expect to discover new phenomena. For instance 
the cosmic rays that have been detected near the ecliptic plane were originally 
of higher energy. They have been slowed down by the outward flowing 
solar wind following the curved paths of the magnetic lines. Over the solar 
poles the more radial magnetic field may allow the cosmic rays more direct 
access to the Sun, so they can be intercepted in pristine condition. 

Another example is the study of the solar wind itself. This wind fills the 
heliosphere, the vast surroundings of the Sun containing all the planets. 
Part of our difficulty in understanding the solar wind stems from the fact 
that it is very complicated near the ecliptic plane where scientists have been 
able to study it. The solar wind is emitted in both high- and low-speed 
streams. As the Sun rotates these streams near the ecliptic plane flow out 
in the same direction. The high-speed streams overtake the slow ones so 
that complex stream-stream interactions dominate the physics that can be 
observed. 

Scientists would like to make observations in regions of the heliosphere 
where the flow is simpler or at least different from what they have been 
able to observe so far; above the solar poles the flow is believed to 
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Figure 60 Ulysses heliospheric magnetic field. Schematic presentation of the Sun’s magnetic 
field lines stretched out into interplanetary space. Near the Sun’s equator the magnetic 
field lines co-rotate with the Sun, taking on the appearance of a water stream tossed out by 
a garden sprinkler and are twisted by the solar wind. However, above the poles these lines 
extend radially outwards from the Sun because these regions are not affected by the Sun’s 
rotation. 


be of uniform high speed and parallel to the radially extended field 
lines. 


Fury on the Sun 


This is important for astrophysics in general. The solar wind is the prototype 
of a flowing, large-scale astrophysical plasma, the only region around a star 
which is directly accessible to in situ measurements. Indeed there is a long 
list of phendmena discovered in the solar wind which have become the key 
to our understanding of how other astrophysical plasmas should behave. 
For instance, the expansion of the solar atmosphere to form the solar wind 
was once a highly controversial phenomenon. Today it is assumed that stellar 
winds and even galactic winds are a common occurrence. How can shock 
waves form in collisionless plasmas? This was not obvious until the Earth’s 
bow shock and propagating interplanetary shocks were discovered. 
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Nowadays it is generally believed that very powerful shocks originating in 
supernova explosions are the chief sources of high energy cosmic rays in 
our galaxy. 

Ulysses will also study energetic charged particles originating in explosive 
releases of energy from the Sun, such as solar flares. These particles are 
ejected into interplanetary space like hot water and steam sprouting from 
a geyser at irregular intervals. They shoot outward along the magnetic field 
lines, hundreds of millions of kilometres above the surface of the Sun, 
belching radiation and billions of tons of matter far into space, thus serving 
as probes of the conditions in the underlying solar atmosphere. Large solar 
flares, such as those of March 1989, are experienced on Earth: they create 
spectacular displays of aurora borealis, or northern lights, but also have very 
disruptive effects, interrupting shortwave transmissions for as long as 
24 hours and overwhelming maritime satellite communication systems. 


Shedding light on cosmic dust 


Ulysses carries nine scientific instruments for investigating the solar wind 
plasma, the magnetic field around the Sun, cosmic rays from our galaxy 
and other charged particles from the Sun, as well as solar radio bursts and 
solar X-rays. 

Some of the instruments will break new ground such as the plasma 
composition spectrometer which will make the first independent measure- 
ments of the mass, charge and energy of heavy ions in the solar wind. 

Ulysses will also map the distribution of cosmic dust by measuring the 
speed of minute cosmic dust particles with a mass varying between one ten 


‘thousandth of a billion (10-16) and one ten millionth (10-7) of a gram. By 


making these measurements scientists will be able to find out more about 
the mysterious origins of cosmic dust, i.e. comets, asteroids, micrometeorites 
or even interstellar dust. 


- Ulysses, a cosmic detective in our violent galaxy 


Scientists will also take advantage of the enormous distance between the 
spacecraft and the Earth to perform astrophysical measurements. In 
conjunction with instrumentation on Earth-orbiting spacecraft, Ulysses will 
help to precisely locate the mysterious sources of cosmic gamma bursts 
occurring every few days. These appear to be caused by unexplained high- 
energy phenomena near distant neutron stars in our galaxy. 

Gamma rays are produced in the extremely violent reactions taking place 
at the centre of our galaxy and in neutron stars, pulsars, quasars and black 
holes. They are so penetrating that instruments on board a spacecraft allow 
us to ‘see’ what is happening at the centre of our galaxy through all the 
gas and dust. 
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Ulysses will also search for gravitational wave pulses of astrophysx2 
origin. These pulses are believed to be emitted by catastrophic events :- 
extragalactic massive objects such as black holes. Detecting these waves 
through minute distortions in the radio communication link between Ulysses 
and the Earth would open up a new ‘window’ for astronomy. 

These waves are analogous to light waves and they travel at the same 
speed. So far there has been no direct experimental evidence of their 
existence, but they were predicted by Einstein’s general theory of relativity: 
gravitational waves could be produced by the collapse of massive stars at 
the end of their lives, in supernova explosions that are the origin of black 
holes. Gravitational waves would carry the energy away from its origin. 

Peter Wenzel, Ulysses Project Scientist, has said that the Sun and the 
heliosphere are like an enormous astrophysical laboratory. We are driven 
to a better understanding of its inner workings: with other stars all we have 
is a distant flicker of light, but by observing the Sun we can learn much 
about the far-away stars. 
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Shedding Light on Our Daily Star, 
The Sun 





The central body of the solar system, the Sun, which is the nearest star to 
the Earth, has fascinated mankind from the origin of time and has been 
worshipped by many civilizations. Indeed the health of the Sun is very 
important to life on our planet—it is believed that very small changes in 
the amount of heat radiated from the Sun cause major climatic changes on 
Earth. And yet it still remains mysterious in many ways. 

Though the processes by which the Sun produces energy and the 
dynamics of the Sun’s atmosphere have been studied extensively from Earth, 
much more can be learned by sending spacecraft to study it from closer 
quarters. In much the same way that earthquakes revealed details of our 
planet’s core, ‘solar seismology’ will allow astronomers to infer details of 
the Sun’s deepest structure. 

A study will be made in an international project of unprecedented scope. 
Coordinated by the Inter-Agency Consultative Group for Space Science, 
several missions planned for the 1990s will examine the Sun and its influence 


-on Earth and its climate. 


The European Space Agency and NASA are setting up two related 
missions, the Solar and Heliospheric Observatory, SOHO, and Cluster, 
made up of four spacecraft to study space plasma physics. ISAS, Japan's 
space agency and the Institute of Space Research of the Soviet Academy 
of Sciences, will also take part. 

The Sun, like the other stars in the Universe, produces energy in its core 
by the conversion of hydrogen into helium. We know that most of the Sun 
is made up of hydrogen and helium in the approximate ratio of 10 to 1 with 
about 0.1% of heavier elements. The transformation of four hydrogen atoms 
into helium in the Sun’s core is known as nuclear fusion. During this process, 
the Sun transforms about four million tons of its mass into radiated energy 
every second, but our daily star is not about to burn itself out. Four million 
tons is negligible when compared with the total mass of the Sun. The lifetime 
of the Sun is estimated at about 10 thousand million years and during that 
time it will have used up less than 0.1% of its total mass. 

This tremendous energy produces heat and light vital to the Earth, but 
the Sun also emits particles, mainly protons and electrons as well as 
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neutrinos—the only direct messengers from the nuclear furnace burning 
at the core of the Sun. 

The visible face of the Sun is called the photosphere. Immediately above 
the photosphere, there is the chromosphere which is a few thousand km 
thick and in which the temperature rises to about 10,000°K and above the 
chromosphere, one finds the corona, where the temperature of the ionized 
gas reaches up to one million degrees. 

The Sun’s corona extends for millions of km and eventually becomes the 
solar wind. This is the flow of charged particles— protons and electrons 
mainly —emitted outwards from the Sun through the solar system. Near 
the Earth these particles move at great speed, about 300 km per second, 
though there are only about 8 particles per cubic centimetre of space at that 
distance. 

Using data obtained from the SOHO mission, scientists will be studying 
the following interrelated questions concerning the Sun: What is the Sun’s 
inner structure made up of? Why does the solar corona exist —and why is 
it highly irregular in shape? Which leads us to the third question: Where 
and how are the solar wind streams accelerated? 

SOHO will be a three-axis stabilized spacecraft and this is an important 
feature because it will make it possible for the instruments to be pointed 
continuously at the Sun. It will be a very bulky spacecraft (3.7 m diameter 
and 3.6m high), weighing 1350 kg with an extra 140 kg of propellant. The 
solar panels should provide about 750 watts of power. The payload consists 


of several telescopes and spectrometers, some of which are as large as a 


telephone call-box. 


The Sun blocks, stores and finally releases energy 


In order to make continuous observations of the Sun at the best vantage 
point, SOHO is to be placed in a special orbit around the Sun where it will 
move in a parallel track inside the Earth’s orbit where the gravitational 
attractions by the Sun and the Earth are equal and opposite. This way SOHO 
will remain fixed on the Earth/Sun line about 1.5 million km from the Earth. 
This distance corresponds to 1% of the 150 million km separating the Earth 
from the Sun. | 

By observing oscillations of the Sun’s surface, scientists will be able to 
study the internal structure of the Sun, in particular its temperature, 
pressure“composition and dynamics. Scientists will do this much in the same 
way as they use earth-quake probes to infer the interior structure of the Earth. 
SOHO will also observe sunspots—these are markings on the surface of 
the Sun, the largest of which can sometimes be seen with the naked eye, 
on the setting sun. oo 

Most sunspots cluster together in groups which may last for several weeks, 
and their movements across the Sun’s disk indicate that the Sun rotates on 
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its own axis. The number of sunspots fluctuates over an average period 
of about 11 years, known as the sunspot cycle. A sunspot has a dark 
central umbra which is about 1500°K cooler than the surrounding 
photosphere (about 6000°K) Each one is the centre of an intense localized 
magnetic field which suppresses the upwelling of hot gases from the interior 
by convection. 

It is of great interest, therefore, to study systematically the mechanism 
by which the Sun blocks, stores and finally releases energy. When a large 
sunspot is seen on the solar disk, the radiation reaching Earth is slightly 
reduced. Thus the concept of the solar ‘constant’ as a measure of the Sun’s 
output of radiation is not really valid. 


Elusive clues travel to Earth at the speed of light 


For scientists investigating the mysterious inner core of the Sun, neutrinos 
provide an important clue. Neutrinos are almost massless, electrically 
neutral, elementary particles which travel at the speed of light. They are 
a by-product of the energy-producing nuclear reactions inside the Sun and 
other stars in which hydrogen is converted into helium. 

Because neutrinos react very weakly with matter, they pass out of the Sun 
and through the Earth so that they are very difficult to detect. 

Finding out how many neutrinos are emitted would help astrophysicists 
to gain a better understanding of what the core of the Sun is made up of 
and what the temperature and pressure are. However, the number of 
neutrinos emerging from the solar core is found to be about a factor of three 
lower than expected, based on our present knowledge of the solar interior. 

Experiments carried out with SOHO may help to explain this discrepancy 
and throw some light on the inside of the Sun. While SOHO will keep a 
constant watch on the Sun, the Cluster experiments are expected to provide 
important advances in our knowledge of the interaction between the solar 
wind and the plasma environment of the Earth. 


Cluster, a fleet of four spacecraft to study plasma 
phenomena in three dimensions 


A highly ionized gas—called a plasma by the experts in this field of 
physics — emerges from the solar corona and expands into space as solar 
wind. Owifg to its high electrical conductivity it carries ‘frozen-in’ magnetic 
field away from the Sun. This magnetized stream of plasma hits the Earth 
magnetic field with a velocity of several hundred km/s. The Earth’s magnetic 
field hinders the solar wind from reaching our planet’s atmosphere; instead, 
the Earth’s magnetic field and the denser plasmas trapped in it take the blow. 
This interaction leads to the formation of an extremely long tail-like Earth's 
magnetic field configuration. 
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Magnetized space plasmas do not readily mix, owing to their magnetic 
fields, but instead they stay separated by maintaining a thin current sheet 
between them. This sheet, however, is not a perfect isolation as there are 
small-scale processes going on such as ‘magnetic field line merging’ that 
provide a ‘leakage path’ for the plasmas. 

The four Cluster satellites will make observations in three dimensions. 
For instance, they will help understand how mass, momentum and energy 
‘leak’ from one plasma region into a neighbouring plasma. 

This three-dimensional aspect is a ‘first’ in the history of plasma physics 
space flight missions, and a minimum of four spacecraft is necessary to 
achieve this goal. 


The magnetosphere: a huge laboratory in space 


The most easily accessible region in space where such processes are taking 
place is the boundary between the solar wind and the plasma contained by 
the Earth’s magnetic field. The Earth’s magnetic field creates a cavity, the 
magnetosphere within the fast flowing solar wind— viscous interactions of 
ions and electrons act on its surface (magnetopause) at scale lengths ranging 
upwards from a few thousand kilometres. 

The Cluster spacecraft will look upon the near-Earth space as a huge 
laboratory in which to study plasma phenomena in their real three- 
dimensional context. The phenomena to be studied by Cluster are believed 
to be fundamental in plasma physics. Hence, the measurements and theories 
emerging from the Cluster mission can be used to test models based on 
comparable plasma conditions in other astrophysical objects. 

The four spacecraft will be identically instrumented and placed into orbits 
that take them through key regions of the near-Earth space where the 
interesting plasma phenomena are believed to be operative. These regions 
are the cusp (a region characterized by a funnel-shaped opening in the 
Earth’s magnetic field through which solar wind plasma may get access to the © 
magnetosphere, the magnetopause, the bow shock where the supersonically 
flowing solar wind is decelerated by the obstacle ‘Earth’s magnetic field’), 
the solar wind and the plasma sheet which separates the magnetosphere’s 
tail into regions of sunward and anti-sunward pointing magnetic field. 


Exploring our cosmic doorstep 
& 


Because all the interesting plasma phenomena do not have comparable scale 
lengths, the separations between the four Cluster spacecraft will be varied 
in order to match the phenomena to be studied. Usually, if the magnetic 
field is small, then the scale length becomes larger. The Cluster spacecraft 
are equipped with propulsion engines to increase the separation distances 
to a maximum of 18000 km. The spacecraft can also be brought together as 
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close as 200 km. In all cases, the spatial arrangement of the four spacecraft 
will be such as to give a true three-dimensional configuration (ideally a 
tetrahedron) at specific points of the orbits. 

Each spacecraft will carry about 64 kg of instruments. However, to meet 
the requirements by the scientists in terms of orbits and orbital separations, 
about 570 kg of. onboard fuel is needed for manoeuvring the spacecraft 
whereas the structure only weighs 354kg. In orbit, each spacecraft will 
deploy six booms of which four are 50 m long and the remaining two ‘only’ 
5m each. At the tips of the 50 m antennas, active sensors are mounted to 
monitor the ambient electric fields. The short booms carry the sensors of 
the magnetometers. The remaining instruments are mounted inside the 
cylindrical body. 

All four spacecraft will be launched by Ariane-5. For this purpose the 
spacecraft will be stacked and separated in orbit after injection into a 
geostationary transfer orbit. From there, each spacecraft will acquire its 
operational polar orbit using the onboard propulsion engine. 

The four Cluster spacecraft will be accompanied by two NASA spacecraft, 
Wind and Polar, and a joint US/Japanese satellite called GEOTAIL, the Soviet 
Union also plans to launch two spacecraft.to complement the Cluster 
mission. ; 
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International Ultraviolet Explorer — 
The Pioneer of Ultraviolet Astronomy 





The International Ultraviolet Explorer (UE) is a turning point in modern 
astronomy. The first space-based observatory able to measure ultraviolet 
spectra of astronomical bodies, IVE ranks as one of the most successful and 
longest lived scientific satellites. Dr Willem Wamsteker, Observatory Manager 
at IUE’s European ground station Villafranca del Castillo, near Madrid, 
believes that IUE has not solved all the problems but it has taught us to 
look at things differently. Peering deep in the ultraviolet, UE has provided 
us with new insights and radically revised our traditional view of the 
Universe. 

Ancient astronomers believed the cosmos to be relatively serene and static. 
This last decade, IUE data has revealed it to be a violent arena where stars die 
in titanic explosions, sometimes collapsing into black holes and generating 
phenomenal amounts of energy. Dr Wamsteker has pointed out that IUE 
is a 45cm window on our explosive Universe. 

The ultraviolet eyes of IUE break down the radiation of cosmic objects as 
a prism breaks down visible light, into a spectrum, the equivalent of a 
rainbow. Spectra provide astronomers with a deeper understanding of the 
enormous forces that power our explosive Universe, for instance supernovae, 
the death throes of a massive star shining more brightly than a hundred 
million Suns, or quasars, these mysterious powerhouses billions of light 
years from our planet but as bright as hundreds of galaxies. By allowing 
us to test established theories and elaborate new ones, IUE has added to 
our understanding of the dynamics of our Universe and paved the way for 
the Hubble Space Telescope, which it will now complement. 


Cosmologists look beyond the visible 


The Hubble Space Telescope (HST) has set out to improve our knowledge 
of the origin of matter in the cosmos and to verify the Big Bang theory 
according to which our Universe was created about fifteen billion years ago. 

Ultraviolet astronomy has special relevance for cosmologists because the 
strongest spectral lines of the commonest atoms, hydrogen and helium for 
instance, can only be ‘seen’ in the ultraviolet. 
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Scientists believe that deuterium (heavy hydrogen) and helium are not 
a product of a thermo-nuclear ‘burning’ by which elements are formed in 
stars, but are a product of the Big Bang itself; IUE has returned a wealth 
of data on the spectra of far away stars and quasars, laying the ground for 
the HST which will look for helium and deuterium ‘silhouetted’ against the 
spectra of distant stars. 

Not only will the HST benefit greatly from the precursor work carried out 
by IUE, but astronomers will still rely on the pioneer: IUE has the advantage 
of being highly versatile and it offers great scheduling and observing flexibility 
so that it can be tuned in real time. 

Observing time on the HST is already overbooked and furthermore in its 
low orbit the Space Telescope does not have the same flexibility; IUE is 

















Figure 63 The International Ultraviolet Explorer. 
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unique in that it is the only ultraviolet facility which can relieve HST in 
ultraviolet spectroscopy, a vital part of its mission. 


Phoenix of the ultraviolet 


The IUE satellite was first conceived as the ‘Large Astronomical Satellite’ 
in a British design study commissioned in 1964 by the European Space 
Research Organization (ESRO), one of the two precursors of ESA. However 
this project was shelved because of financial difficulties. It was reinstated 
as the ‘Ultraviolet Astronomical Satellite’, but was axed a second time. Soon 
after that the satellite came to life again, and this time for good. By the end 
of 1971 the International Ultraviolet Explorer was a joint project with the 
National Aeronautics and Space Administration (NASA) providing the 
spacecraft, the launch and part of the scientific payload as well as a tracking 
station at the Goddard Space Flight Centre in Greenbelt, Maryland. Britain’s 
contribution, financed by the Science Engineering Research Council was 
designing and building the camera while the European Space Agency 
contributed the solar panels and the ground station of Villafranca, Spain. 
The spacecraft was launched into geostationary orbit on 26 January 1978. 

The IUE satellite is 4.2m long and weighs 671 kg. Power is provided by 
the solar array, two panels covered with silicon cells yielding at launch about 
400 W (the power requirements for the instruments average only about 
210 W). During eclipse seasons, three-week periods of daily hour-long solar 
eclipses which occur at half yearly intervals and during which the panels 
are not illuminated by the Sun, two nickel-cadmium batteries come into play. 
The sunshade protects the telescope from scattered sunlight. 


More than 70,000 spectra of stars and galaxies 


The scientific payload consists of a 45cm aperture telescope which feeds 
ultraviolet radiation to one of the two spectographs, one operating at 
115-195 nanometres and the other at 185-335 nanometres. This is the first 
time that such a large wavelength coverage is open to astronomers. 

A camera in each spectograph converts the ultraviolet image to video 
signals that can be transmitted to the ground. 

The IUE satellite pioneered the way to the international use of a space 
observatory. After final optimization and calibration of the instrumentation 
on board the spacecraft, IVE opened as an international observing facility 
on 3 April 1978, and for the past 12 years has provided the international 
community with a wealth of data: more than 70,000 spectra of 10,000 different 
stars or galaxies. It has also studied more than 40 comets. 

The Ultraviolet Explorer, soaring 42,000 km over the Atlantic, gravitates 
around the Earth on an elliptical orbit designed to keep it geosynchronous, 
hovering over the same spot on the Earth’s surface, so that it can be 
monitored continuously from Goddard, and for over ten hours each day 
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from Villafranca. In this orbit, and apart from constraints from the Earth, 
Moon and Sun, IUE can freely scan the whole sky. 

For the first time ever after the three agencies decided to treat IUE as an 
international observatory, an astronomer who was awarded observing time 
also became responsible for gathering his own data by directing operations 
at the ground station. Previously, a scientist awarded time on a Satellite was 
based in a university and completely left out from the actual process of 
collecting data. For instance in the control room at Villafranca a resident or 
a visiting astronomer will help technicians aim IUE’s telescope at the targeted 
cosmic object while the satellite beams an image of a starfield on a TV 
monitor, received by a 14m dish antenna nearby. | 

Time-sharing among the agencies is as follows: NASA astronomers have 
16 hours a day at Goddard while European astronomers share the remaining 
eight-hour shift at Villafranca. 

Competition for time on the HST is fierce, but IUE is always busy, 
scheduled for 24 hours a day, and is in great demand. Furthermore 
astronomers do not always get what they expect: great cosmic happenings 
steal the show —for instance the observation of a nova, a star that suddenly 
and unpredictably emits much more light than normal, as was the case in 
1983 when Nova Aquilae became the object of international attention, or 
witnessing the death throes of a massive star as happened in 1987 with 
Supernova 1987A, a star 170,000 light years away with 20 times the Sun’s 
mass wreaking havoc in the heavens. The blast from a hot blue star lit up the 
sky with fireworks, the first since 1604 that could be seen with the naked eye. 

Like all stars, novae fuse simple atoms such as hydrogen and helium into 
more complex elements such as carbon. It was not known until recently that 


aluminium is also formed in novae, and that as novae explosions occur all 


over the galaxy there is more aluminium produced than expected. It is 
thought that an isotope of aluminium, aluminium 26, is radioactive and 
produces heat as it decays. It could be responsible for heating smaller bodies 
in the solar system, such as asteroids, thus we may have to revise our 
theories on the formation of the solar system. 

Now more information is about to come from space with the X-ray satellite, 
Rosat, launched on 31 May 1990, which will be used with IVE. Astronomers 
collaborating on RIASS (Rosat IUE All-Sky Survey) will be able to make 
simultaneous and complementary observations in X-rays and in ultraviolet — 
where an X-ray iffiage begins to fade, the ultraviolet comes into its own. 

These new discoveries, probing regions of radiation beyond the limited 
horizon of visible light, have advanced the theoretical side of astrophysics 
and cosmology to areas undreamed of only a few decades ago. With IUE 
still contributing invaluable data and the HST safely in orbit, ultraviolet 
astronomy has really come of age. 
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Giotto’s Cometary Odyssey 


‘Hung be the heavens with black, yield day to night! 
Comets, importing change of times and states, 
Brandish your crystal tresses in the sky’ 
(Shakespeare, Henry V Act I, Scene 1). 


Comets, these cold and elusive wanderers are believed to be fragments left 
over from the creation of our solar system 4.6 billion years ago. These 
mysterious fossils may have seeded Earth with organic molecules that make 
up the building blocks of life, the very star dust from which mankind has 
evolved. With Giotto, a probe developed by the European Space Agency, 
technology met a comet face to face for the first time in 1986. The spacecraft 
plunged to within 596km of the nucleus to reveal an elongated ‘dirty 
snowball’ 16 km long. 

Now daredevil Giotto is being prepared for a new mission: a close-up look 
at Comet Grigg—Skjellerup. 


“When beggars die, there are no comets seen, 
The heavens themselves blaze forth the death of princes’ 
(Shakespeare, Julius Caesar Act II, Scene 2) 


Comets appear suddenly and unpredictably. To generations of Earth dwellers 
who read fate in the stars, reassured by the orderly patterns of the Cosmos, 
these fiery intruders in the night sky materializing from nowhere, erratic in 
their comings and goings, inspired awe and could only portend such tragedy 
as plagues or the fall of kings. Ghost-like as they sped across the sky, 
shrouding stars in a thin veil of luminous dust, they looked like distraught 
sibyls prophesying fearful events. These ‘long haired stars’ were appropriately 
called comets by the ancient Greeks (the Greek work ‘kome’ means hair). 

In mediaeval times comets inspired less fear. In fact in 1304 the Italian 
painter Giotto di Bondone depicted Halley’s Comet as a promise of hope 
and salvation, replacing the star of Bethlehem in one of the frescoes in the 
Scrovegni chapel in Padua. ESA’s mission, first targeted to encounter 
Halley’s Comet in 1986, was named after the artist. 

Among the 1000 known comets, Halley’s is a cosmic celebrity, blazing 
across our Milky Way every 76 years, it is the only bright comet which has 
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a well-known orbit and historical records show it has been observed regularly 
since 240 BC. 


The final gripping encounter 


Thus Halley’s Comet apparition in 1986 was a once-in-a-lifetime chance for 
investigation and study. A space-age flotilla was sent to rendez-vous with 
the elusive visitor some 150 million km from Earth. 





Figure 64 Giotto still undergoing tests. 
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Figure 65 Solar simulation Intespace— Toulouse. 


The Soviet probes VEGA-1 and -2 were the first to encounter Halley at 
8,890 km at closest approach, sending back data on its physical and chemical 
makeup. Next the Japanese spacecraft SUISEI passed close enough, at 
150,000 km, to confirm that the nucleus rotates once every 53 hours. 

Giotto had the final gripping encounter, revealing the secrets of the 
Comet’s nucleus. Launched on an Ariane-1 rocket from Kourou in French 
Guiana on 2 July 1985, on what could be called a kamikaze mission, ESA’s 
first deep ‘space probe plunged into the coma at 249,000 km per hour. 

Shortly before midnight on 13 March 1986, Giotto encountered the first 
dust from the Comet, 287,000km out and one hour only before closest 
approach. At hypervelocity small dust particles hitting Giotto away from 
its bullet-proof shield could have destroyed the spacecraft. 

However Giotto closed in, hurtling towards the nucleus and snapping 
more detailed images every four seconds. A minute before closest approach, 
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Figure 66 Composite image of the nucleus of Halley’s Comet. The picture is a composite 
of four images taken by the Halley Multicolour Camera (HMC) on board Giotto at 19,947, 
9847, 4947 and 2490 km from the nucleus. In the final approach phase the nucleus was resolved 
and images with higher and higher spatial resolution (50 m per pixel in the innermost frame) 
were taken as the distance to the nucleus decreased. At the same time the size of the frame 
decreased due to the fixed field of view of the camera (0.1°). The innermost frame corresponds 
to four kilometres. The images were exposed through the clear filter covering the wavelength 
range 300-1000 mm. The direction of the Sun left, 27° above the horizontal, and 15° behind 
the image plane. The composite image shows the dark night side of the nucleus (right), the 
bright dust jets on the day side (left), and the faint background light of the dust coma. On 
the daylight side of the nucleus several crater-like features can be identified in the innermost 
two frames. (Image copyright: MPAe Lindau.) 


with dust particles pitting the camera’s baffle, engineers at ESA’s Operation 
Centre, ESOC, in Darmstadt, Germany, detected trouble. About 1000 km 
before closest approach the screen went blank: Giotto’s antennae had been 
knocked off target—but the spacecraft righted itself and most instruments 
resumed sending data. 
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The rare. images revealed a 16km-long potato-shaped nucleus, hilly, 
cratered and covered by a layer of black dust. Giotto confirmed in principle 
the ‘dirty snowball’ theory of cometologist Fred L. Whipple: underneath 
the outer layer is a mixture of dust and ice, 80% of which is water ice. Fine 
jets of dust and gas spew from a few active regions of the nucleus. These 
geysers appear bright because the dust particles reflect the sunlight. Experts 
believe that the craters pitting the surface on the nucleus are not due to 
impacts as those of the moon, but result from irregular activity on the 
nucleus, about only 20% of which is active. 


Impacting dust, fifty times the speed of a bullet 


Studying the composition of the coma, an envelope of gas and dust 
surrounding the nucleus, scientists found that the data supports the view 
that comets are regular members of the solar system which however have 
preserved the original characteristics of the primaeval condensed matter better 
than other bodies so that cometary material could well be representative 
of the early stages of evolution of our solar system. 

Halley orbits the Sun in a direction which is opposite to that of the Earth 
and the spacecraft so that the relative encounter velocity was very high. At 
this speed cometary dust struck Giotto with explosive force, fifty times the 
speed of a bullet, thus it had to be protected by an ingenious shield consisting 
of two sheets separated by 23cm. In the first sheet of aluminium dust 
particles impacted and vaporized and were then absorbed by the second 
sheet made of Kevlar. 

The spacecraft is spin-stabilized and carries a high-gain dish antenna at 
the upper end which was permanently pointed towards Earth during the 
flyby. This antenna transmitted scientific data at a rate of 46,000 bits per 
second during the encounter. 

The scientific payload comprises 10 instruments: a camera for imaging the 
nucleus, four instruments to investigate the solar and cometary plasma (ions 
and electrons, magnetic field). A dust impact detection system and a photo 
polarimeter. 

One of the three spectrometers, the Ion Mass Spectrometer enabled the 
scientists to study the types of ions created by the solar wind on the material 
from which the nucleus is made. To do this, this spectrometer was split into 
two instruments, HIS and HERS. HIS (High Intensity Spectrometer) 
investigated what was happening in the inner portion of the coma while 
HERS (High Energy Range Spectrometer) measured the trajectory and speed 
of the electrically charged ions along with their mass-to-charge ratio. In fact 
HIS was under the responsibility of co-investigator Helmut Rosenbauer, Max 
Planck Institute (MPFfor Aeronomic, Lindau) and HERS was assigned to 
Marcia Neugebauer (Jet Propulsion Laboratory). The principal investigator 
for IMS was Hans Balsiger. 
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The camera to image the nucleus could be rotated 180° so that together 
with the spin of the spacecraft, it allowed viewing in every direction. 

Giotto was highly successful and survived its dangerous mission. About 
two weeks after the encounter, telecommands were sent to place the spacecraft 
in a special hibernation configuration, so that it could still be used later on. 

Before launch, already in 1985 it was known that Giotto’s orbital 
period around the Sun would be exactly 5/6 Earth orbital periods and 
that therefore in five years Giotto would perform six orbital revolutions and 
reappear near the Earth in 1990 on the very same date it was 
launched, providing an orbit correction manoeuvre was made after the 
Halley fly by. 

Indeed, Manfred Grensemann, ESA’s Project Manager for the Giotto 
Extended Mission, commented that Giotto is now being prepared to 
encounter another comet, called Grigg-Skjellerup, on 10 July 1992. 


A real challenge 


To prepare for this mission, experts at ESOC undertook a series of very 
complex operations in late February to reactivate the spacecraft. Reawakening 
a probe after four years of hibernation millions of kilometres away from 
Earth had never been done before. This was a real challenge. Before 
Giotto was put into hibernation, the thruster system of the spacecraft 
was activated to correct the probe’s orbit so that Giotto returned 
to Earth in July 1990. Then the spacecraft was put in hibernation, which 
involved changing its attitude by about 96°. However, it was only possible 
to estimate approximately what the attitude of the spacecraft 


“was 


Although the margin of error was high, the ESOC team, using NASA's 
Deep Space Network Tracking Station in Madrid managed to locate Giotto 
and stir it awake. They sent a series of telecommands via a 100,000 watt 
transmitter. A hundred million kilometres away, Giotto sent back a faint 
radio signal intercepted by the 70 metre antenna in Madrid. A few days later 
this faint whisper became a clear signal, after the ESOC experts had 
succeeded in orienting Giotto’s high gain antenna to make it point at the 
Earth. 

Telemetry data showed that the spacecraft was performing well. Both the 
main and the back-up systems to transmit data are still working. In Mid- 
March, the ESOC team performed the first of a series of manoeuvres to 
modify Giotto’s orbit so that it can be targeted to encounter Comet 
Grigg-Skjellerup in 1992. 

Comet Grigg-Skjellerup was named after the two astronomers who 
discovered it: it was¢irst observed by the New Zealander John Grigg who 
had been looking for comets with a 9 cm refractor at Thomes in New Zealand 
on 23 July 1909. Calculations from two weeks’ observations suggested that 
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it should have been back in less than five years’ time, but the comet was 
lost for three subsequent returns and rediscovered by the South African 
J. F. Skjellerup during a visual comet search with a 7.5cm refractor at 
Rosebank, Cape Town on 17 May 1922. 


A first in the history of space exploration 


In January 1986, two months before the Halley encounter, a study on a 
follow-up mission identified comet Grigg-Skjellerup as a worthwhile goal. 
There were many other possible targets for an extended mission but they 
were rejected because some of them required multiple—up to three or 
five—Earth gravity assist manoeuvres and this meant the mission would 
have lasted until 1996 which was considered too long. 

When the spacecraft came to within 23,000 km of Earth on 2 July 1990 
a gravity assist manoeuvre sent Giotto speeding towards its new mission: 
the spacecraft gained energy at the expense of the gravitational and 
orbital energy of our planet. This ‘gravitational sling-shot’ technique 
will also be used to send Ulysses bouncing off from Jupiter to swing 





Figure 69 Orbital geometry after reactivation. 














a a a Eg pe ee ae OS ey ls 











144 Europe: Stepping Stones to Space 


around above the poles of the Sun. Gravity assist manoeuvres have often 
been used in the past. However using our planet’s gravitational force to 
redirect Giotto will be a first in the history of space exploration. 

Dr Gerhard Schwehm, Giotto Extended Mission Project Scientist, has 
pointed out that the chief characteristics of Grigg-Skjellerup’s trajectory are 
its low orbital inclination and its frequent encounters with planet Jupiter. 

The comet has an orbital period of 5.1 years and an aphelion (the point 
in the orbit when it is farthest from the Sun) distance of 4.93 AU, and thus 


belongs to the Jupiter class of comets. This century the comet’s motion has 


been significantly perturbed by close approaches to the giant planet, Jupiter. 
The last and closest encounter occurred on 17 March 1964, when the comet 
passed only 0.33 AU, some 50 million kilometres, from Jupiter, picking up in 
the process a significant amount of energy. That close encounter lengthened 
its orbit—the perihelion (the point in the orbit when it is nearest to the Sun) 
distance increased and the orbit of Grigg-Skjellerup now very nearly 
intersects the Earth’s orbit. 

The Jovian encounter tilted the orbital inclination of Grigg-Skjellerup from 
8° to 21° in relation to the ecliptic and that is good news for Giotto since 
it will enable the probe to rendez-vous with the comet as it approaches its 
perihelion in July 1992. 

Dave Wilkins, Head of Flight Operations at ESOC, has explained that there 
is an added advantage in the new mission: ‘Giotto will be able to fly by 
the comet at a relatively slow speed —a little over 14 km per second instead 
of the 68km per second during the encounter with Halley’s Comet’. 


A future cosmic celebrity? 


Grigg-Skjellerup is a fairly ordinary comet, and because of that astronomers 
had not collected very much information up to and including 1982. However, 
five years later, when it next appeared, the comet had been chosen as a target 


for a future scientific mission, and this was the last opportunity before an 


encounter with Giotto in 1992. 

ESOC appealed to cometary observers throughout the world to pay special 
attention to comet Grigg-Skjellerup. The result of the observations which 
ensued were most encouraging: altogether sixty pairs of measurements (of 
the right ascension and declination of the comet) were obtained—more than 
double the number managed in 1982, and several times as many as at most 
apparitions. This is all the more important because the observation conditions 
in 1992 will be very difficult, and the comet may only be seen a few months 
before the encounter. 

Unfortunately it will not be possible to use the camera on Giotto: although 
the camera itselfsis working properly, it seems that part of 
the straylight baffle is preventing light from entering into the camera, 
in the same way that if you have the lens cap on your camera, you 
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cannot take a picture. However a number of significant measurements 
could be carried out during a Grigg-Skjellerup fly-by, even with a reduced 
payload. 

The Dust Impact Detection System and the Optical Probe Experiment could 
gauge dust densities and assess how dust particles are distributed according 
to their size, as well as their optical properties. 

The Implant Ion Sensor (IIS), part of an instrument called the plasma 
analyser could monitor the changing features of the solar-wind flow. The 
IIS could also observe how ions from the solar wind are picked up by the 
comet. 

The plasma analyser (RPA) could determine electron densities in the coma. 

The magnetometer could observe the upstream waves and determine the 
locations of the various boundaries, points of interaction between the comet 
and the solar wind such as the bow shock, the ionopause, the cometopause. 

The High Intensity Spectrometer (HIS), part of the lon Mass Spectrometer 
could observe the production of ions in the coma. 

No one knows the fate of comets. Some seem to fizzle out and completely 
disappear. Do they run out of gas and exhaust themselves? With each 
passage close to the Sun a comet blows off an enormous quantity of gas 
and dust. Because Halley spends long periods of time away from the Sun, 
there is still a lot of volatile material to boil off and carry away dust in a 
long tail. 

Of course scientists and the public at large would love to see images of 
the nucleus. However data provided by other instruments than the camera 
are also highly significant for scientific study. If the encounter with Giotto 
does take place, Grigg-Skjellerup may yield a wealth of information and 
blaze a memorable trail in the firmament of cosmic celebrities. 
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Infrared Space Observatory 
Unravelling the Mysteries of Starbirth 





The birth of stars and distant galaxies has always been shrouded in mystery. 
However, today the European Space Agency is preparing a new revolutionary 
satellite for launch in 1993, the Infrared Space Observatory, ISO, to provide 
astronomers with a detailed observation of the Universe, ranging from objects 
in the solar system, to the most distant extragalactic sources. ISO will observe 
the evolution of comets, map distant galaxies, shed new light on giant 
planets, search for protoplanets and lay bare the secrets of starbirth. 

Inside the densest, darkest, most impenetrable gas and dust clouds, star 
_ nurseries were well hidden from the sight of astronomers until it became 
possible to see star formation in the infrared. This part of the spectrum was 
discovered two centuries ago by Sir William Herschel, who found that when 
he spread sunlight out into a spectrum and placed a thermometer beyond 
the red end of the spread of colours, it registered an increase in temperature. 
The famous astronomer concluded that he was witnessing the effects of 
invisible radiation—literally beyond red, or ‘infrared’. Thus infrared was the 
first ‘invisible’ radiation to be discovered. 

The electromagnetic spectrum spans a very great range of wavelengths 
which travel at the speed of light: radio waves with wavelengths of hundreds 
of metres are the longest. Then, in order of decreasing wavelengths are 
submillimetre radiation, infrared (far infrared, middle infrared, near infrared) 
visible, ultraviolet, X-rays and the shortest, Gamma rays have wavelengths 
of a million millionths of a metre. Infrared has longer wavelengths and lower 
frequencies (fewer vibrations per second) than visible radiation. In fact one 
can detect infrared as heat—it is the warmth given off by a toaster before 
the elements start to glow red. 

Sir William Herschel had already suspected that clouds of interstellar gas 
and dust are linked to the birth of stars. These nebulae appear either as 
luminous patches reflecting starlight from nearby stars or as dark patches 
against a brighter background. About the great nebula in Orion, he wrote 
that it was more fit to produce a star by its condensation then to ) depend 
on the star for its existence. 

Although infrared astronomy was discovered before other invisible 
radiations, radio, X-ray and ultraviolet astronomy were far more advanced 
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by the late 1970s. This is because several problems have held up this 
important branch of astrenomy. The first problem was solved by the 
development of new sensitive infrared detectors made from semiconductor 
materials. These semiconductors, often made up of silicon or germanium 
crystals, produce electrical signals when they detect infrared radiation and 
these signals allow us to determine how much infrared is reaching them. 

Another problem is the atmosphere which presents a barrier to infrared 
astronomers. This problem is partly solved on the highest mountain peaks. 
Indeed, carbon dioxide and water vapour in the air absorb infrared radiation. 
From high altitudes such as the summit of Mauna Kea in Hawaii where the 
largest infrared telescope, UKIRT (United Kingdom Infrared Telescope) 
stands at 4200 m, astronomers have several windows in the near and middle 
infrared wavelengths, but the far infrared, at wavelengths longer than 
20 micrometres (um) remains beyond their reach, apart from infrequent and 
difficult observations from the upper atmosphere, balloon flights and limited 
observations from high flying aircraft. 

After being launched from Kourou in French Guiana on an Ariane-4 rocket, 
ISO will follow an elliptical orbit, soaring from 1000 to 70000 km above the 
Earth’s surface, completing one orbit every 24 hours. It will operate at 
wavelengths from 2.5 to 200 um and will be the most penetrating infrared 
eye in space. | 

Observing above the atmosphere solves yet another problem affecting the 
_ middle infrared wavelengths. The atmosphere emits a permanent middle 
infrared glow, so that objects in this wavelength range cannot be easily 
detected from Earth. Worse still, this glow is not constant in time. It flickers 
due to photon noise. ‘Observing from the ground in the infrared is like 
optical astronomers being forced to work in the daytime using telescopes 
lined with flashing lights’’ says ISO Project Scientist Dr Martin Kessler. 

However, a formidable problem remains. ISO Project Manager Hans Steinz 
explains that even if, in orbit around the Earth, a satellite escapes all the 
problems associated with the atmosphere, the telescope itself, like any other 
object, emits infrared radiation. From this unwelcome ‘background’, the 
image, or signal that the telescope is supposed to detect must be extracted. 
Thus ISO will be cooled to a few degrees above absolute zero to prevent 
its own heat radiation from overwhelming the faint whispers from 
space. 

‘TSO, like a giant thermos flask in space, will use 2300 litres of superfluid 
helium Which will provide an in-orbit lifetime of at least 18 months. The 
cryogenic system will keep the detectors at extremely low temperatures 
(approximately 3K or —270 °C). 

Judging frem the amount of data brought back by the first infrared satellite, 
IRAS (Infrared Astronomy Satellite) which was launched in 1983 and had 
a lifetime of 10 months, it is expected that ISO will bring a wealth of new 
exciting discoveries. 
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The first infrared observatory in space 


Indeed ISO has much more sophisticated detectors, and a planned lifetime 
twice as long as its predecessor. Furthermore IRAS was a survey telescope 
with a mission to scan the whole celestial sphere and catalogue the sources 
it detected. The Dutch American British Satellite gathered, over a period 
of 300 days, a quarter of a million infrared sources, enough to produce a 
comprehensive map of the Universe in the infrared and provide us with 
a new view of the centre of our galaxy, the Milky Way. But whereas IRAS 
brought an improvement by a factor of 100 compared to Earth-based 
observations, ISO, with its very sensitive detectors will improve observation 
over IRAS by a factor of up to 1000. It will have a longer lifetime with high 
sensitivity and will be used as an observatory, as is the case with the 
International Ultraviolet Explorer. This means it will not just sweep the sky 
and catalogue the sources it finds, but it will be pointed at specific 
astronomical objects for a thorough study. | 

The fact that ISO is an observatory is a very great improvement and means 
that astrophysicists will be able to select and carefully prepare their 
observations. Clearly, astronomical observatories have been built from the 
earliest days of civilization, in India, Egypt and Britain for example, but the 
best place for observatories is in space, well above the disturbing effects of 
the atmosphere and freed from the interference of city lights and man-made 
electrical signals. 

Operated remotely and electronically, ISO will offer all the advantages 
of an Earth based observatory. Two-thirds of the observing time will be 
available to the scientific community world-wide via the submission and 
selection, by peer review, of proposals. One-third of the observing time will 
be guaranteed to the groups who provide the instruments, the mission 
scientists and for the observatory team who will be responsible for all the 
scientific operations. 

The first call for observing proposals will be issued 18 months before 
launch. Scientists will be invited to submit their proposals electronically, 
so that, in view of the large number of observations expected, the proposal 
handling system can be automated as much as possible. 

ISO will be operated, like the International Ultraviolet Explorer, from 
ESA’s tracking station and observatory Vilspa, at Villafranca del Castillo, 
near Madrid. | 

ISO is a bulky spacecraft with a mass of 2400 kg and measuring 5.3 m high 
and 3m wide. The service module includes the three-axis stabilization 
providing pointing accuracy of a few arc seconds, telecommunications and 
data handling. The Altitude Control System permits stable observations to 
be made for periods of up to ten hours and its computer ensures that the 
telescope never points at the Sun or the Earth. Looking at the Sun would 
instantly permanently damage ISO, while the Earth is hot enough to disturb 
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the measurements, because the telescope would be blinded. Power is 
provided by a solar array mounted on the sunshield designed to insulate 
the cryostat from heat. 

The scientific payload consists of four instruments: a camera (ISOCAM), 
an imaging photopolarimeter (ISOPHOT) and two spectrometers at short 
wavelengths between 3 and 45 ym and long wavelengths between 45 and 
180 pm. 

The imaging photopolarimeter will measure the brightness of a source 
between 3 and 200m. The camera, which includes large semiconductor 
detector arrays will photograph between 3 and 17 um. 

Astronomers will be able to use different detector systems at the telescope’s 
focus to investigate different aspects of infrared sources. 

The spectrometres will divide infrared radiation into its constituent 
wavelengths. The resulting infrared spectra will provide new information 
on the chemical composition, temperature and motion of cosmic objects 
in the infrared, including distant stars, galaxies or quasars. ‘ISO will 
be able to “‘see’’ a man at a distance of 100km and to measure the 
heat emission of an ice cube in his hand’, says Project Scientist Dr Martin 
Kessler. 


A window on cosmic birth 


‘The past is but the beginning of the beginning, and all that is and has 
been is but the twilight of the dawn. . . . A day will come when beings who 
are now latent in our thoughts shall stand upon the Earth as one 
stands upon a footstool, and shall laugh and reach out their hands amid 
the stars’. 

The famous British historian and novelist H. G. Wells wrote these lines 
at the beginning of our century, several decades before the dawn of the space 
age. Mankind has since discovered secrets beyond the visible. Indeed during 
these past 15 years an array of satellites orbiting the Earth has revealed © 
different regions of the spectrum of light. ESA’s COS-B satellite launched 
in 1975 confirmed that pulsars and quasars produce gamma rays. EXOSAT, 
Europe’s first X-ray satellite, was launched in 1983, and the joint ESA/ NASA/ 
SERC International Ultraviolet Explorer launched in 1978 to investigate 
ultraviolet radiation from stars, quasars and galaxies is still contributing a 
wealth of data. In 1983, IRAS pioneered infrared astronomy from space. 

ISO will be the first of a new generation of long-lived orbiting 
observatories, piercing secrets of the cosmos in every part of the spectrum. 
It will be followed by a number of important missions, part of ESA’s Horizon 
2000 programme, such as, the Far Infrared and Sub-millimetre Space 
Telescope (FIRST) which will extend the work of ISO; the X-ray Multimirror 
Telescope (XMM); the Solar Heliocentric Observatory (SOHO) to study the 


. Sun’s atmosphere. 
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The birth and death of stars 


Millions of stars are born and die within the spiral arms of our galaxy. This 
is an ongoing process, for instance our daily star, the Sun, started to form 
when the Milky Way was more than half its present age. A star is formed 
when. an interstellar cloud of dust and gas collapses under its own 
gravitational attraction. 

It is a violent process: as the dust cloud contracts, pressure inside builds up 
and the temperature rises in the core. Even when the temperature is hot enough 
(about 10’ K) to sustain nuclear reactions the new-born star is hidden from 
the eyes of optical telescopes by cocoons of cold dark interstellar dust. This 
dust absorbs any visible light from stars which are forming within them, but 
infrared radiation from protostars can escape from even the densest cocoon 
of dust. ISO will be able to probe the stellar nurseries in the Milky Way 
and provide images and spectra that will greatly increase our understanding 
of the dynamic evolution of stars from the very beginning of their lives. 

The death throes of a dying star are also shrouded in a cloud of dust and 
gas. During its lifetime a star converts hydrogen into helium, and the heat 
generated prevents further gravitational collapse. However, when hydrogen 
runs out, gravity wins and the star collapses on itself becoming a white 
dwarf, a red giant or exploding as a supernova. 

Following the extremely violent explosion, the supernova expands, 
becoming more and more transparent, until it looks like a huge cloud of 
gas. Infrared measurements reveal emissions from the warm heavy elements 
forged in the star’s explosion: nickel, radioactive cobalt and iron glowing 
softly, deep in the heart of the supernova. 

We have already learned much about these cataclysmic events, for instance 
with the International Ultraviolet Explorer’s Observations of Supernova 
1987A. Perhaps ISO will provide us with spectra of supernovae at a range 
of hundreds of millions of light years and add to our knowledge of the final 
phases of a star’s life. However, nearby supernovae occur rarely, for 
astronomers they tend to be a once-in a lifetime experience. 


Tracing back the history of the solar system 


Planetary satellites, asteroids, and the frozen nuclei of comets are pieces 
of the jigsaw puzzle containing the history of the solar system. The oldest 
of all the objects in the solar system, comets, are primeval lumps of dust 
and ice that were formed some five billion years ago. ISO will allow us to 
measure the temperature and chemical composition of these elusive 
wanderers as they approach and recede from the Sun, increasing our 
knowledge about mysterious cometary nuclei. 

How common are planets around other stars? Astronomers believe that 
the planets in our solar system originated in the accretion disk around the 
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new-born Sun. As a star is born it blasts big blobs of cosmic shrapnel. These 
gaseous cannonballs may become part of a gigantic rotating disk, a disk of 
accretion and aggregate to become planets. The main difficulty in looking 
for planets orbiting a star is that while a star is large and bright, a planet 
is small and dark and reflects a very tiny fraction of light from its 
parent star; ISO will allow astronomers to study the huge disks of matter 
swirling around nearby stars that suggest the formation of planetary 
systems. 

Perhaps the new observatory will also enable us to discover a planet 
around another star. The Sun is only a very ordinary star and there 
are billions of other stars in our Galaxy. Detailed observations in the 
infrared should help us to understand how planets are formed around 
other stars. 


A clue to the ‘missing mass’ in the Universe 


Many astronomers believe that stars, in order to generate enough energy 
to ignite and come to life have to have at least 80% of the Sun’s mass, | 
which is 80 times bigger than Jupiter—brown dwarfs are the faintest stellar 
objects which may have been too small to become stars. Because of their 
small mass and low luminosity, their existence has never been confirmed 
and astronomers are anxious to find out if such objects exist to fill 
the gap between stars and planets. Because they cannot sustain the 
prolonged nuclear reactions which power stars, brown dwarfs fade rapidly 
from view. 
The heat energy released as a brown dwarf slowly cools, should be 
detectable in the infrared. ISO may make it possible to measure the 
_ accumulated radiation of a galactic halo of brown dwarfs, giving us for the 
first time detailed information about these obscure cosmic objects. 
Astronomers have deduced the total mass of our galaxy from the motions 
‘of stars~in the Milky Way. These motions depend on the combined 
gravitational force from all the objects in the galaxy. But some of our Universe 
seems to be missing. The motions of stars reveal the presence of far more 
gravitational force than that provided by the stars, dust and gas that we 
can observe. Astronomers believe that the motions of gas in our galaxy 
implies the existence of a lot of ‘dark matter’ producing a gravitational pull. 
The question of the total mass in the Universe is of enormous importance 
because the answer tells us whether the universe is open or closed. Will 
it expand forever or will it stop expanding and contract again to another 
fireball? Our present knowledge allows us to envisage both possibilities. 
Furthermore, other galaxies are thought to possess extensive, invisible halos 
that contain most of their mass. Could the ‘missing mass’ both in the Milky 
Way and in other galaxies take the form of brown dwarfs? ISO may help 
. shed light on this enigma. 
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The missing link: infrared quasars 


There are also in the Universe incredibly massive, energetic cosmic objects: 
quasars. These powerful beacons of light look like stars but emit as much 
energy as hundreds of galaxies, although their volume is much smaller than 
the Milky Way. Because of the expansion of the Universe many quasars are 
rushing away from us at more than 90% the speed of light, their light taking 
up to billions of years to reach us is stretched in wavelength, or ‘red-shifted’ 
from visible or ultraviolet wavelengths into the infrared region of the 


spectrum. 


This means that infrared observations allow us to look back through time, 


and see the Universe in its infancy. 


IRAS discovered ‘infrared quasars’ which could be at the centre of an 
infrared galaxy. At the heart of the quasar, it is believed that a massive ‘black 


hole’ produces a very great luminosity as it sucks matter out of the observable 


Universe and shines forth overwhelming the starlight from the surrounding 
galaxy so the ‘black hole’ appears like a quasar. Such infrared quasars could 
be the missing link in the evolution between luminous infrared galaxies and 
optically bright quasars. 


Probing deeper into space and time 


Galaxies are the building blocks of the Universe. IRAS mapped not only 
the Milky Way but also made energy profiles of thousands of galaxies 
previously too faint to see the infrared. But whereas IRAS took snap shots, 
providing our first glimpse of the realm of galaxies, ISO will provide detailed 
pictures. 

Discoveries from ISO are expected to be so exciting that NASA even now 
is preparing a follow-up to ISO called the Space Infrared Telescope Facility 
(SIRTF). 

‘The effort to understand the Universe is one of the very few things that 
lifts human life a little above the level of farce, and gives it some of the grace 
of tragedy’ wrote Steven Weinberg in The First Three Minutes. There are 
scores of inquisitive human beings striving to improve their understanding 
of the Universe, in front of blackboards, behind computer terminals and 
on top of dark cold mountains. These dedicated scientists are making giant 
steps and ISO, the first Infrared Observatory in space represents a milestone 
in humanity’s effort to understand the Cosmos. 





Chronology 





4 October 1957 
1960-1964 
1964 


6 July 1964 
1966 


1964-1968 


__) 1973 
1973 


9 August 1975 
1977 


Septerfiber 1977 


October 1977 


Beginning of space exploration with the launch of 
Sputnik by the USSR 

ESRO (European Space Research Organization) and 
ELDO (European Launcher Development Organization) 
set up as forerunners to ESA 

ESRO concerned with research through satellites 
Skylark, first sounding rocket launched by ESRO 
First proposal for a space astrometry mission submitted — 
by Professor Pierre Lacroute, working at Strasbourg 
University 

Construction of ESRANGE (European Space Range) _ 
at Kiruna, Northern Sweden 

Construction of ESTEC (European Space Research and 
Technology Centre), Noordwijk, The Netherlands 
Construction of ESA Ground Stations e.g. Redu, 
Belgium and Villafranca, Spain 

Construction of ESRIN (European Space Research 
Institute) Frascati, Italy 

ESOC (European Space Operations Centre) set up at 
Darmstadt, Germany 

ESA set up as single agency, with headquarters in Paris 
ESA decides on the construction of a European launcher, — 
Ariane, to be launched from Kourou, French Guiana 
ESA’s COS-B satellite launched from Vandenberg 
—lasted till 26 April 1982 

ESA launched METEOSAT-1 the first European 
meteorological satellite 

OTS-1 (first Orbital Test Satellite) ESA’s first 
experimental telecommunications satellite destroyed 
when its American launcher exploded shortly after 
lift-off 

Joint ESA/NASA mission involving three spacecraft: 
ISEE-A, ISEE-B, ISEE-C. In October 1977 ISEE-B 
(International Sun—-Earth Explorer) launched 
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3 April 1978 
11 May 1978 


26 June 1978 


late 1970s 


1979 
mid 1981 


June 1981 
December 1981 


1983 

26 May 1983 
June 1983 

28 Nov to 

8 December 1983 
1984 


4 August 1984 
2 July 1985 


September 1985 
January 1985 


13/14 March 1986 
1987 


September 1987 
November 1987 


15 January 1988 


June 1988 
July 1988 
September 1988 


IUE opened as an international observing facility 
OTS-2 put into orbit (the ancestor of all the European 
Communication Satellites) 

ESA/NASA/UK joint project started —IUE (International 
Ultraviolet Explorer) 

GARP (Global Atmosphere Research Programme) 
launched with METEOSAT, involving Japan, USA, 
USSR and Europe (lasted little over a year) 
Beginnings of the Olympus project — first known as L- 
SAT (for Large Satellite) 

ELA-2, second launch pad started at Kourou, for 
Ariane-2, -3, -4 

METEOSAT-2 launched 

MARECS.-A (first maritime communications satellite) 
launched by Ariane from Kourou, French Guiana 
IRAS (Infrared Astronomy Satellite) launched. Its 
lifetime was 10 months 

EXOSAT (ESA’s first X-ray satellite) launched from 
Cape Canaveral (returned 6 May 1986) 

ECS-1 (European Communication Satellite) launched 
by Ariane from Kourou, French Guiana 

ESA's first manned spaceflight — Spacelab—on board 
a US Space Shuttle. ESA’s first astronaut, Ulf Merbold. 
MARECS-B launched by Ariane from Kourou, French 
Guiana 

ECS-2 launched 

Giotto launched by Ariane-1 from Kourou, French 
Guiana | 
ECS-3 launched 

Ministerial Council Meeting in Rome decided long- 
term space plan until year 2000. 

Giotto encountered Halley’s Comet 

Testing facility —the Large Space Simulator inaugurated 
at ESTEC, Noordwijk, The Netherlands 

ECS-4 launched 

At Hague Ministerial Council Meeting ESA agreed 
funding to develop Ariane-5 (heavy lift launcher), 
Hermes (European spaceplane), and Columbus 
(European participation in International Space pene 
First Ariane-4 launched 

METEOSAT-3 launched (fitted with LASSO) 

ECS-5 (European Communications Satellite) launched 
ESA and Canada signed Memorandum of Understand- 
ing with NASA on cooperation in the International 





6 March 1989 ° 


August 1989 
1989 


1989 
2 July 1990 


1990 

October 1990 
1990 

1990s 


mid 1990s 
late 1990s 


April 1991 
1991 


10 July 1992 
1992 
1993 


1993 
1994 
1995 
1995 


1997 


Chronological list of events 155 


Space Station ‘Freedom’. ESA’s participation is The 
Columbus Programme 

MOP-1 launched on Ariane-4 to become METEOSAT-4 
HIPPARCOS astronomical satellite launched 

ELA-1 launch site at Kourou closed for construction 
of ELA-3. Planned for Ariane-5 and Hermes 
Olympus (Direct Broadcasting Satellite) launched 
Giotto Earth swing-by manoeuvre when Giotto 
returned to Earth 

Hubble Telescope launched by Space Shuttle (ESA/ 
NASA project) 

Ulysses launched (on PAM and IUS) to fly by Jupiter 
and cross both northern and southern poles of the Sun 
Recruitment started for the European Astronauts 
Centre 

SOHO (Solar and Heliospheric Observatory) planned 
Cluster planned (made up of four spacecraft) 
Planned launch of X-ray Multi Mirror XMM 
Huygens (ESA-built probe) to take part in Cassini/ 
Huygens mission 

IML-1 mission on the Shuttle | 
ERS-1 due for launch (European Remote Sensing 
Satellite) with WOCE (World Ocean Circulating 
Experiment) ' 
Giotto could encounter Comet Grigg-Skjellerup 
International Space Year 

Two complete star inventories planned for completion: 
HIPPARCOS and TYCHO Catalogues 

ISO Infrared Space Observatory planned, to be 
launched by Ariane-4 from Kourou, French Guiana. 
(Planned lifetime of at least 18 months) 

ERS-2 launch 

Hermes planned to be launched by Ariane-5 
Planned launch of International Space Station 
‘Freedom’ with Columbus 

Ariane-5 will launch a Polar Platform (for Columbus) 
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